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T his great new work presents — for the first 
time in one volume — a complete coverage 
of the terms of science and engineering. Prin- 
ciples are clearly explained — methods of calcu- 
lation are fully described with the formulae 
and units — chemical structures and reactions, 
physical laws and instruments, engineering 
design, construction, and operation are merely 
suggestive of its tremendous scope — which 
extends throughout the entire range of tech- 
nical knowledge up to the most recent advances 
and inventions. The great number of photo- 
graphs, diagrams, and charts have been spe- 
cially prepared and selected to show the salient 
facts most clearly. Innumerable tables and 
summaries make all this information easily 
available for instant reference. 

This vast fund of information has been pre- 
pared and organized by a plan that insures its 
usefulness, completeness, and accuracy. Each 
entry is first explained in simple, broad terms 
that are easy to understand, and that serve as 
an illuminating introduction to the detailed 
and more advanced information which fol- 
lows. 


From Fundamentals to 
Latest Advanced Discoveries — 
Principles, Methods, Formulas— Clear Charts, Diagrams 

'pOK the stiidrnt, the hobbyist, the manual \^orker, this j;rcat 
■*- volume supplies, for the hrst time, a single, convenient 
source of reference covering all the stiences. The ample 
cross-references make it easy to follow a complete course 
of study on any chosen subject By this flexible plan of arrange* 
ment, the professtonat scientist, who wants spetific information 
instantly, either in his own field or any related field, can find 
it in a few seconds in its alphabetical place — comprehensively 
treated in the language he works with — the /dngiuige of 


works with — the /dngiuige of 


X 10^4 in. 
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The Instant Question-Answerer for Laboratory 
and Shop Workers, Mechanics, 

Home Scientists, Students 

Answers tens of thousands of questions such as: The ^ alue of 
radial, rotary gas engines — How the Diesel Engine operates— 
How air conditioning functions — What is the coming television 
system — How storage batteries work — How to find your posi- 
tion ut sea — How to do dead reckoning — How your nervous 
system works — How to recognize every star, planet, constella- 
tion — How optical instruments are constructed — How to work 
arnihmetic, algebra, geometry problems— —How bridgea arc con- 
structed — How an airplane beecon system works — How petro- 
leum IS cracked to make gasoline — How rayon is made — How 
to survey a piece of land — and thousands more. 




in One Oreat Bnnk 

10,000 Separate Subjects 

Twelve Big Volumes in One 


The vast wealth of useful information in the Scientific 
Encyclopedia if published in the ordina,ry way, would 
fill more than 12 average-size volumes. Here is just a 
brief outline of some of the subjects covered: 

CHEMISTRY: Chemical elements — symbols, atomic number, 
atomic weight, density, hardness, melting point, etc. — com- 
mon reactions, occurrence in nature, method of production 
from ores, uses in industry. Compounds — full information, in- 
cluding manufacture and use. Organic compounds; industrial 
products. Agricultural chemistry, food chemistry. 

PHYSICS: Mechanics, heat, light, sound, electricity, magnet- 
ism, X-rays, fully covered; principles and application pro- 
fusely illustrated. 

MATHEMATICS: From fundamentals of arithmetic to algebra, 
geometry, trigonometry, calculus, difiFercntial equations, etc.; 
with special emphasis on their application to science. 

ASTRONOMY : Articles cover the entire subject. Each important 
constellation is shown on a star map so that it can be easily 
located in the sky. Complete information on planets, use of 
telescope, spectrometer, etc. 

ZOOLOGY : The whole story of life from the tiniest single- 
celled organisms up to man himself, including vast numbers 
of common insects, mollusks, worms; birds, fish, reptiles, 
mammals. 

MEDICINE: Thorough coverage of anatomy, circulatory sys- 
tem, nervous system, muscular system, skeletal system, excre- 
tory systems, etc. Vitamins, hormones. Bacteriology. Diseases 
-—symptoms, diagnosis, treatment. Drugs. Latest researches and 
findings. 

MECHANICAL ENGINEERING: Principles of mechanics, ma- 
chine design, engineering parts and instruments. Types and 
functions of bolts, cams, gears, and other fundamentals up to 
automobiles, aeroplanes, locomotives, etc. Steam, gas, gaso- 
line, diesel engines. 


Prepared by Outstanding Authorities 
In Each Field of Science 

The high technical standing of the editors is your 
assurance of the authoritativeness and accuracy of 
every statement. Although the responsibility for 
each subject was in the hands of a single noted 
scientist, the authors and publishers have had the 
co-operation and advice of a large group of well- 
known authorities. 
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CIVIL ENGINEERING: Surveying. Bridges, highways, railways 
—every subject thoroughly explained. 

ELECTRICAL ENGINEERING: Motors, generators, lighting, radio 
and television— every branch fully covered and clearly illus- 
trated. 

The foregoing is only a partial list of the countless special 
subjects covered. You will find hundreds of articles on 
GEOLOGY, BOTANY, NAVIGATION, CHEMICAL EN- 
GINEERING, and, in fart, any special branch of science in 
which you want information. 

kxaiviinb: a cof^y p-rcb: 

It it difficult in this limited space to give you « complete adequate idea 
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THE linkage between industrial and 
military activities on far-llun^^^ fronts 
is photographically dramati/cd by 
Robert N'arnall Richie in our front 
cover illustration Here is shown a 
centerless grinder in one of the shops 
of the Minncapolis-Molinc Power Im 
plement Cannpany, grinding the hour 
relet on 155mm shells 
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(Condensed From Issues of January, 1893) 


PHOTOGRAPHY — ‘A propusal to erect a new monument to 
Daguerre in his native village of Briesnr-Marne has moved M. 
^con Vidal, the editor of Le Monitcur, to remark that but for 
\iepce, there would have been no Daguerre— photographically 
speaking, of course Niepce was really the inventor of 

photography. Daguerre contributed his brick to the edifice, no 
doubt; but it is often forgotten that, without Nicikc. photog- 
raphy would not have been known 

tCANGAROOvS — “Among the recent developments in the world 
of sports, in Australia, is the training of the kangaroo to stand up 
and spar or box with a human antagonist . The way in which 
the natural kangaroo spars in the bush, his birthplace, is peculiar. 
He places his front paws gently — almost lovingly — upon the 
shoulders of his antagonist, and then proceeds to disembowel 
him with a sudden and energetic movement of one of his hind 
feet From this ingenious method of practicing the noble art of 



Nclf-defense the kangaroo at the Royal Aquarium has been 
weaned. . . . The fle.sh of the kangaroo is highly esteemed as a 
food, and from the hides a valuable leather is made. These are 
legitimate uses of the animal. But it is shocking to think of 
(legrading so useful a creature down to the level and equal of a 
brutal human prize fighter “ 

HAIL — “A great rain and hail storm took place at Gray Hill, 
Texas, on December 6. This remarkable hail fell in large lumps, 
ranging from three to six inches in diameter. . . . The average 
was about one hailstone to every three feet square ” 

MECHANIZATION— “The government of India is offering a 
number of prizes for the best designs or models of a cart suitable 
for military reciuircments, to wit, a mule cart for the transport 
use of the British army in India " 

FROM AN AD — “y\stronomical telescopes of superior defining 
powder Eyepieces, etc Manufactured by \V. & D Mogey, New 


York.” I Late in November, LHi, the editor attended a ceicinoiiv 
dedicating a new optical shop just completed by the company 
w'hich has directly inherited the Mogey name and reputation 
Situated m the WaUhung Mountains of New Jersey, this new 
shop of William Mogey and Sons, Inc , is now actively engaged 
m prodiu mg pietision optical goods for the anncfl forces.) 

.ARMOUR IN.STITUTE — '* Vhsolutcly unknown n* the public, 
woik has been going on foi a year past toward the erection 
of a magnificent five-story building on Armour Avenue, and it 
is now all hut ready for occupancy. This building will be known 
as the Armour Institute, and wull be to Chicago all that the 
Drexel Institute is to Philadelphia and the Pratt Institute to 
Brooklyn This building is but a small part of the gift. In ad 
dition to it, and for its support, Mr. Armour gives $1,400,000. 
All that money and brains and labor can do will be dune toward 
making it the greatest institute for manual training, science, 
and art m this (oimtry ” 

NOT YKT — “'Pheie is hatdly a doubt that the natural gas sup- 
ply, even in the most favored districts where this agent has been 
discovered, is genet ally apptoaching extinction, and it will soon 
cease to be an important factor among the fuels of the country, 
particularly as far as its use in manufacturing mdnstties is con- 
( erned “ 

METEORS — “The meteors of Nov 23, 1892, as «>cen by W. 
J Hussey, at Palo Alto, Cal , did not come at a strictly constant 
rate, though nearly so. On the average, a single observer could 
see from 50 to 60 faiily bright ones every five minutes” 

AIR BRAKES — “Repeated expeiirnenls on the Western Rail- 
way of France, esptcially between l^ans and Mantes, have shown 
that with the Westinghouse brake a train of average load run- 
ning at 53 miles per hour is pulled up without disagreeable con- 
sequences in a distance of less than 168 yards ” 

ICE — “The Hudson River ice harvest is now in progress. It be- 
gins sixty miles north of New York Cit>. The ice is ten inches 
thick, and is pure water ice, so dear that one can read a news- 
paper through the blocks The indications are that the ice crop 
this year will be the largest and finest ever gathered on the 
river, and will reach nearly 4,000,000 tons.” 

YERKES — “The large disks of optical glass made by Mantois 
for the University ot Southern California have been purchased 
by the University of Chicago They are nearly 42 inches in 
diameter, and will allow of a clear aperture of 40 inches. The 
glass is said by Mr .Alvan Clark to he exceptionally good Mr 
Claik will shortly undertake the work of grinding the objectives, 
which he has contracted to complete w ithin eighteen months. . . . 
The contract for mounting the great telescope has been awarded 
to Warner & Swasey. of Cleveland, Ohio ’ 

TORFM^DO BOATS — “The famous torpedo boat builder at El- 
bing, Schichau, has just attained an unprecedented speed even for 
this class of vessel, torpedo lK)ats built by him for the Russian 
and Italian governments having reached 27 Yz knots on an hour’s 
run at sea. The new British boats arc to be 200 tons displace- 
ment, while the Russian boats are 130 tons, so that the former 
may do better by reason of greater powx'r and greater size” 
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DOWN TO THE SEA FOR SUSS 

‘Chasers' of World War One Come Back as YP Boats 


N avigating a busy harbor at 
0415 — quarter past four in the 
morning in civilian life — in the neces- 
sary dimout of wartime is one of those 
situations where you do your best — 
and keep your fingers crossed all the 
time. Keen eyes peer anxiously from 
bow and flying bridge through the 
murky pre-dawn haze ; the skipper 
stands tensely beside the helmsman in 
the darkened wheel-house, and though 
we're full of questions up to the ears, 
we hold our tongue, for even a land- 
lubber can sense the strain of the 
moment as our ship, the VP 191, slides 
gingerly through the narrows on a 
trip with the Inshore Patrol 

Another craft, long, sleek, racy, 
comes slowly toward us from star- 
board. Our engine-room bell clangs, 
weirdly in this half-light The Coast 
fiuard cutter and our ship slowly nose 
toward each other, and we receive our 
sailing orders 

1'here is a devastating loar over^ 
head anrl a couple of Navy patrol 
planes flash past and on out to sea 
They’re looking for submarines So is 
the Navy blimp, stodgy by conqiarison, 
that abruptly shears the clouds of 
morning mist to liover protectmgly 
over the sejuat hulks of freighters 
which have mysteriously emerged from 
the fogs of dawn As more snarling 
planes appear and almost immediately 
vanish in the still gray sky, our convoy 
takes shape and moves pokily off down 
the coast The laden steamers line up 
one-by-one, with Coast Guard cutters 
and our ships flanking, a Biitish 
trawler and a corvette respectively 
closing the guaidian floating box fore 
and aft, and we’re off 

Soon after the Japs landed their 
sneak-punch in our Hawaiian solar 
plexus, the Nazi.s started hitting our 
merchant marine below the water line 
in coastal lanes as well as on the high 
seas — and momentarily there was little 


A. D. RATHBONE, IV 


^ So effective hos been the work of the YP 
boats in stemming the depredotions of Axis 
submarines on the Atlantic and Gulf Coosts 
that one of the editors of Scientific Americon 
delved deeply into the how and why of the 
Inshore Potrol. In the occomponying orticle 
he takes the reader mentally on a patrol trip, 
shows him the inner workings of this effective 
bronch of our Novy. Photographs not other- 
wise credited ore exclusive to Scientific 
Americon, ond hove been opproved by the 
Navy Department . — The Bditor • 

we could do about it. We had neither 
ships nor men to man them. All of our 
destroyers, generally conceded to be 
the submai ine’s deadliest enemies, were 
needed everywhere at once All hell 
was loose in the Pacific, and as attacks 
on Atlantic and Gulf coasts by a Na/i 
battle fleet weren’t considered likely 
or even possible battleships, cruisers, 
destroyers, and other major warships 
were elsewhere 

TUF na/1 submersibles iiiompll) 
■ took advantage of the situation and 
liegan sinking freighters right and left, 
many within sight of the coastline To 
establish an Inshore Patrol which 
would put the quietus on this audacious 
practice would require boats, more 
boats, and still more boats — and tbou- 
sands of trained men to man them 
True, the Coast (iuard and such naval 
units as were available were instantly 
on the job. but despite heroic efforts 
through last year’s freezing, blustery, 
wintry weather and notwithstanding 
long hours on watch day and night, 
there simplv were not enough ships 
adequately to patrol the 1888 miles of 
Atlantic coast, the 1686 miles of the 
Gulf coast, to say nothing of the sea 
frontiers of California, Oregon, Wash- 
ington 

1'he man power problem showed 
immediate signs of self-solution. Poten- 
tial sailors and officers poured into 
lecruiting stations faster than they 


could be cared for. Long-range plans 
had foreseen such an emergency and 
the prepared programs for training 
seamen and junior officers went into 
effect with few hitches and little static 
Specialty courses for signalmen, motor 
machinists, firemen, and men to master 
the intricacies of sound-detecting de- 
vices sprang up all over the nation 
The man -power problem was on its 
way to be licked, but the ships for thi'^ 
new Navy — where were they? 

As early as a yerir ago miracles wert 
being wrought in American .shipbuild 
ing yards, but not even miracles could 
produce with sufficient rapidity enough 
small, speedy craft capable of guarding 
all our coastal shipping lanes. The 
need for .ships was imperative — now- 
had been so for weeks — and tomorrow 
or next month just would not do. A1 
though the War .Shipping Admini.stra 
tion had bad under way for some time 
plans to build a fleet of 110- and 173- 
footers, the lack of steel, Diesel en 
gines, fittings, gear, and armament 
had retaided production As in 1917 
when faced with a similar problem on 
a smaller scale. Navy scouts who knew 
good ships when they saw them ex- 
plored coastal harbors, peered into 
yacht basins, and poked their noses 
around every mooring where it was 
conceivable that usable, sea-worth> 
boats might be found 

F rom this naval dragnet carnc as con- 
glomerate a collection of craft a-- 
those that braved Dunkerciue’s danger*' 
— and wn'th them, whether or not the 
Navy liked it, as dare-devil a crew of 
amateur skippers as ever tasted brine 
who insisted on accompanying their 
ships into naval service. In some quar 
ters criticism and contention follow'ed 
the Navy’s “Awfully sorry, but we 
just can’t use your ship.’’ r)isgruntled 
owners, however, failed to realize that 
when a boat is too small to satisfac 
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U S Navy Official Photo 

Todoy's veteran '"Splinter Ships/' save for lack of portholes and crow's nest, resemble 
this sub-chaser of last war in nearly every respect. Note old style flying boots 


^ mount even a 50-caliber machine 
when she hasn’t the speed to cs- 
: from an exploding “ash-can” 
.umpcd from her own stern, when 
he isn’t built to survive the riotous 
\tlantic storms, when there aren’t 
enough two-way, or even one-way 
-adios to go around, it is the utmost 
folly to enlist her services 
Our own ship in this convoy is one 
type of craft which the eagle-eyed 
laval scouts did locate and one they 
lad hoped with a faint hope, indeed, 
*o find — the wooden- bottomed sub- 
marine chaser constructed for service 
World War 1. Nearly all of these 
d been sold into private service 
' 'cr the Armistice. Formerly known 
s S. C. Boats, their full load displace- 
iiient was 76 tons, they were 110 feet 
in over-ai) length, 15 feet, 4}i inches 
extreme beam over guards, and had a 
draught of five feet,. 11 inches Their 
planking was of l)4-inch >eIlow pine, 
with white oak steambent fiames 
by 3 inches, spaced at 12-inch centers 
Deck planking was Oregon pine, and 
they were originally equipped with six 
watertight bulkheads 

\WHE^ built 25 years ,igo, the S 

were powered with three main six- 
cylinder, four-cycle gasoline engines 
rated at 220 horsei )wer, at 400 revo- 
lutions per minute. Generally, the wing 
motors were utilized in cruising, the 
center motor being disconnected from 
the propeller shaft through a heavy 
clutch. Speed of these diminutive 
World War ships varied according to 
conditions, and although some of 
them were reported to have attained 
speeds of 17 to 19 knots, the experience 
of the fleet as a whole showed an aver- 
age top speed of 14 knots. 

These were the ships of “The 



After-deck of YP 191, with mochine 
gun ond "ash -cans" poised ot stern 


Splinter Fleet,” that brave little Ameri- 
can Armada which, with only a 2400- 
gallon gasoline storage capacity per 
ship and a daily consumption of 600 
gallons, with an armament as pitiful 
as toy pistols compared to that of the 
enemy, were expected to — and did — 
convoy ships across the Atlantic. Fur- 
thermore. they were expected to — 
and did — chase and sink submarines 
li.leven of those midgets engaged in 
maintaining what was known as the 
Otranto Barrage — a bottling-up of 
enemy ships in the Adriatic Sea — 
and in the bombardment of Durazzo, 
Albania, in October, 1918. 

So far as being in trim as fighting 
ships, the condition of the few old 
S. C.’s which were re-discovered was 
pitiful, but far from hopeless After 
major Navy ^’ard operations which 
provided new decking, replaced worn 
struts and braces, slapped on coats of 
war paint, and made a hasty overhaul 
job on the Diesel engines — which 
weren’t new, but which had replaced 
most of the original gasoline- powered 
motors — the 25->ear old sub-chasers 
were once more rarin’ to go after their 
old enemies And that same scrappy 
spirit that must have originally been 
innoculated into the very timbers of 
the veteran S. C.’s seemed to imbue 
the young freshly trained saih^rs of 
our new Navy, for early in 1942 those 
rejuvenated ships and their crews put 
to sea with no more armament than a 
box of 25-pound chunks of dynamite 
equipped with 11 -second fuses These 
crude but lethal weapons, which were 
temporary substitutes for depth bombs, 
plus a Tommy-gun for good measure, 
were the sum total of the old Splinter 
Boats’ fire power when they first went 
out to help the Coast Guard and the 
few available Navy ships beat ofT the 
Axis submarine menace to coastal 


shipping. Today they’re known as 
“YP” Boats — ours is VP 191 — and 
they keep constant and co-operative 
company with the Coast Guard cut- 
ters, the mine sweepers, the converted 
private yachts, and the score or more 
of British armed trawlers and cor- 
vettes that have come over to help 
patrol our Atlantic and other coastal 
shipping lanes 

P NSJGN McCallum, skipper of the 
^ YP 191, introduces his two fellow 
officers, likewise Ensigns who have 
come into their epaulets since Pearl 
Harbor. Then we meet the crew, as 
true a cross-section of America as 
ever manned a Splinter Boat — or any 
other ship 1'herc’s a Mulligan, a 
Burke, and a Degnan, a Luzietti, a 
Kabat, a Morris ; a Hanson, a Crosby, 
a Bartlet, and others, 17 sailors in all, 
to make up the crew of this Lilliputian 
sea fighter While the officers wear 
their regular uniforms and maintain a 
certain amount of dignity, the deck 
crew, the black gang from the engine 
room, and “Cookie” all wear dun- 
garees, and when weather permits, 
most of them are naked from the waist 
up. In the days to come we’ll find that 
while discipline is ever-present, it is of 
a distinctly informal brand which per- 
fectly fits the cramped conditions on a 
small ship, obtains the maximum 
amount of co-operation from the men, 
and produces a loyalty and admiration 
on the part of the crew for the officers 
that would exceed the demands of the 
strictest four-striper. 

Sitting on the steps of the wheel 
house, enjoying the sun’s warmth after 
the early morning chill, our ears arc 
suddenly stricken with an outlandish 
garble of words : “Negat . . . Afirm . . . 
tjeorge . Fox . . . Negat . . Afirm 

. . GeOrge . h'ox — Come in, Negat 
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. Afirm (jCorf>:e Fox ” And 
betorc we have time to realize that 
this is the voice of the two-way radio 
functioning, we hear the reply from 
“Negat . Afirm George I'ox 
answering and standing by 
At frequent intervals throughout the 
rest of the day and thiough the night 
the radio, constantly in tune with 
shore headquarters for this area, gab 
bles away in this seemingly garbled 
language 'fhus docs the shore control 
constantly keep in contact with every 
ship, plane, and blimp engaged in the 
fluty of Inshore Patrol 

Another device whose acquaintance 
we soon make is the listening ap- 
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LYiMC ON eOTTOM 


An echo'Sounding method 


paratus tucked away below decks in a 
tiny cubicle called the “sound room ” 
Hack in that other war this boat, her 
sister ships, and many other craft 
were equipped with hydrophones 
which, when the ship was stopped dead 
still, enabled listeners to hear the sound 
of submerged U-boats’ propellers. The 
hydrophone consisted of two rubber 
“ears” mounted on the ends of an in- 
verted T pipe which could be lowered 
into the water under a chaser’s hull 
The “cars’' were hollow rubber balls, 
with a copper tube inserted in each 
These tubes, protected by a bronze 
pipe, extended up inside the ship, ter- 
minating at the listening post, and 
were connected to the ear pieces of an 
physician’s stethoscope 1'hc vibration 
from any sound made by a submarine 
or other ship could be heard through 
the stethoscope, and by turning the 
submerged T-shaped arm until the 
sound was equalized in the ears of the 
listener, the direction was determined 
Applying the triangulation method of 



NATIONAL DEFENSE 

civil engineers to their hy- 
drophones in Older to spot a 
hostile object, a unit of three 
splinter ships could arrive 
at a close approximation of 
ihe location of the U-boat — 
and then proceed to drop 
depth bombs in the suspected 
area 

rhe basic principle of lo- 
cating submarines has not 
materially changed since the 
last war. but science and 
inventive ingenuity have 
streamlined the process and 
refined the apparatus. For- 
merly, if an enemy subma- 
rine lay quietly on the bottom of the 
sea to avoid detection, and if its com- 
mander was sufficiently unobliging to 
refuse to revolve the ship’s propeller 
now and then, the business of “putting 
the finger” on a sub became more diffi- 
cult and less accurate in its results. In 
the present conflict, the principle of 
sound reflection under water, long ap- 
plied to larger merchant and war ships 
to maintain a continuous graphical rec- 
ord of the ocean’s floor beneath the 
cruising ship, is being adapted to 
search out silent submcrsibles that en- 
deavor to “play possum” far beneath 
the waves. 

I he exact extent to which echo 
sounding devices are utilized and their 



A '’dungorcc toilor" cltant • gun 

scientific and mechanical constituency 
are among those things which cannot 
now be told 

In addition to ears, the convoy 
guardians have eyes. Iwcr overhead, 
the blimp hovers and circles, planes, 
Army, Navy, and Civil Air Patrol, 
come and go in an unceasing search 
for Axis subs which may be lying in 
wait for hapless victims. 

Interrupting the more scientific side 
of our investigation comes a lusty call 
liom the galley “Chow down!” and 


Mochine-gun drill oboard YP 191 

we h«isten up the coinpamoiiway lafidei 
and aft toward the tempting smell^ 
eminating from a full course chicken 
dinner ^'es, the Navy eats sumptu- 
ously and well, with plenty of 
wholesome, nourishing food expertl\ 
prepared We marvel at “cookie’s’ 
dexterity in his tiny galley, which 
from the rolling and heaving of the 
ship and the healthy appetites of an 
ever-hungry crew, never knows a still 
moment at sea Fventually we acquire 
the knack of keeping bowls of soup 
mugs of coffee, and platters of food 
from dive-bombing into our lap 
“Cookie” tells us that, “When I open 
the ice chest doors on a rough day, it’s 
as though .30 people were standing ovei 
theie throwing things at me ’’’ 

After chow the “Dungaree Navy,’ 
those youngsters from Texas and Iowa, 
fiom Alassachusetts and Michigan, 
trom all walks of life, go about thcii 
duties and we are again and again 
ama/ed at their knowledge of sea 
taring ways and the efficiency they have 
iU (juired in so short a time. We can’t 
help hut wonder w’hat the Japs were 
thinking of when they picked on us 
(^nly \2 months past it was touch- 
and-go in the Atlantic coastal battle 
with the submarines, as well as else- 
where on the Seven Seas But today, 
under the guidance of Vice-Admiral 
\dolphus Andrews, United States 
Navy, Commander of the Eastern Sea 
bVontier, the safe convoying of ships 
up and down our coast from Florida 
lo Nova Scotia is an accomplished 
fact. With ships and men ever more 
available, the little ships of this war are 
now expanding their protective serv- 
ices to include the Carribbean Sea, the 
Ciulf of Mexico, and our Pacific fron- 
tier to an even greater extent than has 
heretofore been possible To man this 
new Navy comes a never-ending 
stream of a new generation of “iron 
men in wooden ships.” true American 
sons of the men who commanded the 
Bon Homme Richard and the Con- 
stitution 
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Spreading The Tin Thin 

Rapid Recent Development of Tin-Plating Processes and 
Reflowing Methods Is Resulting In Better Tinplate 


A. P. PECK 

W HEN supplies of tin troni the 
Far East were pouring freely 
into the United vStates, there was no 
trouble at all in obtaining the 70-odd 
thousand long tons of the shiny metal 
that were consumed annual- 
ly in this country. A large 
part of this tonnage went 
into the production of tin 
plate for fabrication into 
containers of all sorts, the 
remainder into various other 
articles of commerce But 
when the Japs moved into 
the Malay Peninsula, the 
Dutch l^ast Indies. I'hai- 
land, Indo-China, and Bur- 
ma, they cut otY two-tlurds 
of the world’s supply of tin. 
and set up a jiroduction 
problem for research engi- 
neers of the United Nations 
that is already being solved 
on a large scale 

'rile time-honored method 
of applying tin to a sheet- 
iron surface in the nianu 
facture of tinjdate is, briefly, 
to dip the cleaned and pre- 
pared iron sheets into molten 
tin, A relatively thin film of 
the soft metal (some 90 mil- 
lionths of an inch thick ) 
adheres to the iron surface 
and protects it against cor- 
rosion, attacks by certain 
acids and some other active 
chemicals, and makes an ideal com- 
bination for the well-known uses to 
which tinplate is put. 

In this hot-dip process, pounds 
of tin arc normally applied to the sur- 
faces of 100 pounds of sheet iron. This 
figure, incidentally, has been reduced 
to 1/4 pounds by government decree, 
as part of the whole program of tin 
conservation. 

Several years ago, long before it be- 
came obvious that much of the world’s 
tin was going to fall into the hands of 
international bandits, metallurgists and 
others were experimenting with a var- 
iety of methods of applying a tin coat- 
ing to sheet iron It is unnecessary. 


these research men reasoned, lu pin 
duce, for some purposes, such a heav\ 
tin coat as is provided by the hot-dip 
method Thus there was developed an 
electroplating process of depositing tin 
on iron, making it possible to produce 
tinplate that required only about one 
third of the amount of tin consumed in 


the more conventional hot-dip process 
True, this plating method, generally 
referred to as the electrolytic process, 
used less tin because it produced a thin- 
ner coating 'Phis plate, however, was 
considered satisfactory for many pur- 
poses. although it was early found to 
have some drawbacks 

In the first place, electrolytic plate 
emerged from the tanks with a gray, 
unjiolished appearance that was by no 
means as pleasing to the eye as is the 
mirror-1 ike surtace of hot-dip plate 
Further investigation revealed that this 
dull appearance was due to irrcgulari 
ties in the thickness of the plating. 
Since the electrolytically deposited tin 


coating h,is an average thickness of 
only 30 millionths of an inch, these 
irregularities lesulted in unsatisfactory 
protection of the base metal Further- 
more, these same “hills and dales” in 
the tin suiface interfered with later 
fabricating processes, causing stacked 
sheets to stick together and preventing 
consistent operation of suction-cup lift- 
ing and handling mechanisms 

1'he .solution to the problems thus 
posed seems simple at first glance, 
yet becomes complicated when produc- 
tnni factors are considered. All that 
has to be done is to heat the tin coating 
to its melting point — some 450 de- 
grees, Fahrenheit — whereupon the 
molten tin will spread over the base 
metal in a uniform coating that will 
solidify to a smooth, shiny surface 
when cooled. 'Fhat’s all there 
IS to it, but how can the tin 
be melted — reflowed is the 
term generally applied to the 
proces.s — and then cooled at 
the speeds required for to- 
day’s electrolytic tinplate 
production ? 

.Several methods have been 
developed for this reflowing 
operation The most impor- 
tant involve the use of hot 
oil baths, passing the tin 
strip through a radiant tube 
or other type of furnace, 
using the electrical resis- 
tance of the strip itself to 
heat it when a current is 
conducted through the strip, 
or passing the strip through 
a high-frequency induction 
heating coil In some cases, 
a coinbinaticm of two of 
these methods may be found 
desii able 

The hot- oil bath for re- 
flovving tinplate can be used 
successfully only on low- 
speed production lines Be- 
cause the dilTcrcntial be- 
tween tile melting point of 
tin and the temperature to 
which the oil can safely be heated is 
very low, the speed is limited. Also, 
since the oil heat reservoir can be 
maintained only <it a relatively low rate 
of rcsti. ration, and the temperature can- 
not be quickly altered, the strip must 
be passed through the bath at a con- 
stant speed, a factor which is unde- 
sirable when the operation of tinplate 
production lines is considered. 

'I'be furnace metliod, regardless of 
the type of energy used, also is satis- 
factory tor low-speed, constant-speed 
work, but becomes quite bulky as the 
Sliced of the strip is increased The 
fur pace must he from about one third 
to one half foot long for each foot per 



Tin reflowing by meons of induction heoting was demonstoted 
ond explained by Mr. Baker, shown here with laboratory set-up 
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Clos6*up of tho induction hooting 
coil ond WQter quenching tank in the 
tin reflowing unit shown on poge 7 


minute that the strip travels, thus 
setting a reflowing speed limit of 200 
to 300 feet per minute for the radiant 
furnace. Here, again, since the heat can 
neither be generated nor dissipated at 
a high rate, the use of this method 
is restricted to constant speed opera- 
tion. 

pECAUSE of the limitations of hot-oil 
® and furnace methods of tin reflow- 
ing, they cannot readily be incorpo- 
rated in the electrolytic-tinning line it- 
self. They must be used as a separate 
set-up, making necessary an additional 
operation and extra handling of the 
strip during processing 

Melting the tin by the heating effect 
of current flowing through the tin- 
plate itself does not have the speed 
limitations of hot-oil or furnace meth- 
ods. Also, since the current can be 
teadily controlled, this method is adap- 
table to production lines in which the 
speed is not always constant. The 
amount of heat generated can be read- 
ily adapted to the speed of the line. 

With the conduction heating meth- 
od, however, there is the problem of 
getting the electrical power into the 
strip at high speeds without arcing and 
burning at the contact rolls. Because 
the molten coating is in actual contact 
with the current-collecting rolls, there 
IS a possibility of marring the tin 
surface Thus, it becomes necessary 
to heat a section of the strip while at 
the same time attempting to quench it. 

By the induction heating method it 
IS possible to reflow tinplate strip at 
high speeds and under conditions of 
continuous operation. In this process 
the tinned surface is brought to the 
melting point by the same methods 
now extensively employed by industry 
m other types of electromagnetic heat- 
ing. except that the frequency is much 
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higher and the power involved is much 
greater In the induction heating sys- 
tem there is no physical contact be- 
tween the strip and any stationary or 
rotating part. 1'herefore, there can be 
no marking of the strip either by elec- 
trical or mechanical action. The heat- 
ing is done in a very short space even 
at high speeds, the space required on 
the processing line being on the order 
of 10 to 12 feet for a strip speed of 
1000 feet per minute 



Matte surfaced tinplote strip be- 
comes shiny ond smooth when reflowed. 
Flow line indicates point where in> 
duction heat makes the transformation 


Since the reflowing process as ap- 
plied to tinplate is a relatively new 
operation, practical experience may in- 
dicate the desirability of using some 
combination of the methods just brief- 
ly described In such a combination the 
tinplate might be preheated by, for ex- 
ample, the conduction method, while 
the final heating to the reflowing tem- 
perature would be accomplished by the 
induction process. 

Most significant feature of the in- 
duction heating method of tin re- 


flowing, which was recently brought 
out of the laboratory and into industry 
by engineers of the Westinghouse Elec- 
tric and Manufacturing Company, is 
its adaptability to the electrolytic 
tinplate production process. Not only 
can it reflow tin at speeds as high as 
the fastest electrolytic line can produce 
the plate, but it can be designed as an 
integral part of the line itself. Thus it 
becomes possible to maintain continous 
production of electrolytic tinplate, in 
rolls or sheets, with a surface that is 
entirely satisfactory for many every- 
day purposes. Then, too, automatic 
control of the operation becomes possi- 
ble, since the heat produced can be in- 
stantly and automatically adjusted to 
correspond to any change in speed of 
the strip merely by controlling the 
power input to the inductor coil. By 
such adjustments the correct tempera- 
ture to melt the tin is maintained and 
oxidizing of the strip is eliminated 

TWO of the accompanying photo- 
■ graphs show details of an experi- 
mental model of a tin reflowing induc- 
tion heater. The simplicity of the sys- 
tem — aside from the relatively high 
power required — is readily apparent. A 
strip of electrolytic tinplate passes 
through a flat coil of heavy wire, the 
ends of which are connected to an os- 
cillator of suitable power. Ju.st below 
this coil is a water tank through which 
the metal strip passes for quenching 
In demonstrating the induction heat- 
ing method, Mr. R. W. Baker, West 
inghouse research engineer, used this 
experimental model in which the tin 
strip to be reflowed is wound on a 
reel at the top of the framework. When 



Electrolytic tineing line of Hie Crown Cork ond Seel Compony 
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tile machine is in operation, the strip, 
(lull and with a matte surface, passes 
through the coil, through the water 
tank with an accompanying hiss of 
steam, and emeiges frcjtn the tank dis- 
playing a bright, shiny surface 

Here is how Mr Ibaker explains 
what happened in the inductor coil 

‘‘As the dull strip moved through the 
coil, radio waves whipped round and 
round the metal, setting up counter 
currents near the surface and melting 
the minute peaks down into the tiny 
valleys. 

“Shooting into the tin, the waves 
tipped electrons — so tiny wiu could 
put ten million, million on an inch-long 
line — from the atoms of tin I’hcse 
electrons, driven along by the current, 
smashed into one atom after another, 
creating heat at each collision. Multi 
ply that process millions of times and 
the coatmg of tin flows smoothly. 'I'lie 
melting action stops when the strip 
moves out of the coil and the watei 
tank cools the metal 

THE CURRENT energi/Hig the coil ot 
■ the induction heater in the experi- 
mental model is at a frequency of 200 
kilocycles, supplied by equipment 
roughly equivalent to that of a broad* 
casting station, less the many refine- 
ments needed for communication pui- 
poses. This frequency is not highly 
critical, and depends upon the thickness 
of the sheet For the usual run of tin- 
plate, of the order of 008 to Oil of an 
inch thick, 200 kilocycles has been 
found most practical, and is capable of 
handling, without change, the thickness 
variations found in commercial strip 
1'hc power recjuired depends, of c(jurse. 
on several fact(3rs, including width of 
strip to be rcflowed and the spex-d at 
which the strip must pass through the 
heating coil On some of the large pi o- 
jected lines 1200 kilowatts will be 
needed, based on a strip speed of 1000 
feet per minute 

To complete the picture of this new- 
est development in a vital industry it 
IS needful to glance briefly at the elec- 
trolytic ^iiiplate pnxess itself, and to 
see just how the tin reflowing system 
fits into it Another of our photographs 
shows a modern electrolytic tinplate 
production line; one of the drawings 


shows in highly simplified form a simi- 
lar line with the tin reflowing equip- 
ment as a built-in part of the whole. 

THERE arc several types of tinning 
■ lines so far developed, having two 
basic differences. One is whether the 
speed through the plating bath is 
held constant or allowed to decrease 
when a fresh coil of steel strip is to be 
entered into the line 'fhe other princi- 
pal difference is whether the plating 
tanks are vertical or horizontal In one 
type of mill the stiip moves through 
the plating tanks at cejnstant speed, and 
means aie provided for accumulating 
enough slack at the entry end to allow 
a new stiip to be webk'd on In the 
other scheme, which in genet al allows 
an overall faster strip speed, the entire 
line is slow'ed down when it is neces- 
sary to start a new roll In the sys- 
tem which employs horizontal plating 
tanks, the two sides of the sheet aie 
tinned scpaiately, allowing variation 
in thickness betw'eeii the sides and even 
in the kind of metal deposited In the 
vertical tank method the sheet is tinned 
on botli sides as one opeiation and 
hence both sides aie exactly alike 

1 he type of line shown in the ac- 
companying drawing is a high-speed 
set up with hoiizontal plating tanks, 
designed for opeiation at 650 feet per 
minute, but wdth a possible top speed 
as high ns 1300 feet per minute. How- 
ever, It IS impiactical to shear tinplate 
strip in<o sheets at speeds faster than 
about 700 feet per minute, since there 
wnll be excessive buckling of the sheets 
above this speed, and provisi(jn has 
been made in the line foi coiling the 
finished ‘-trip and then shearing it into 
sheets as a separate operation when 
the line is run at high speeds 

iMom the plating tank the strip 
passes through the reflowing unit and 
into the (]uenching tank Then oil is 
applied to tile surface and the excess 
oil is removed m the branning machine 
Phoin this point on the strip passes 
through tile necessary drag and pull 
units into the shearing machine, or 
onto a reel 

Although some provision is made 
for accumulating slack in the strip, to 
Ix' used up while a new reel is being 
welded in place at the entry end, it is 


possible to accumulate only enough 
slack for about four or five seconds of 
operation. Because the welding opera- 
tion requires about 30 seconds, the line 
must be slowed down in order to weld 
new coil For this slowing down proc- 
ess it is entirely possible to regulate 
the functions of all parts of the line, 
including the plating action and the 
induction heater, so that the finished 
tinplate remains uniform, regardless of 
variations in line speed 

\WHii.E the equipment needed for the 
T ▼ induction heating method of tin re- 
flowing IS somewhat more expensive 
than ovens or hot-oil baths, the speed 
and flexibility of the process are suffi- 
(.icntly desirable ends to wan ant the 
inci cased cost Then, too, the develop- 
ment and application of this process 
may prove to be the opening wedge 
which w'lll stimulate research along 
similar electronic lines in the steel 
industry Once the ball of research 
starts rolling along a newly opened 
alley, there is no telling in advance 
how many pins will be knocked down 

• • • 

VINYL ACETAL 
Being Used Te Replace 
Rubber in Fabrios 

The thin layer of tough, resilient plas- 
tic which ordinarily would have gone 
into the safety glass windows and 
windshields of the new car you might 
have bought this year will be used 
instead to replace rubber in Army 
raincoats, and in a score of other 
vital war items now made from rub- 
berized fabric, d'he plastic is Mon- 
santo ^ hemical Company’s Saflex, one 
of the group of synthetic resins known 
technically as vinyl acetals. 

I'he process for compounding Saflex 
so that it can equal and even surpass 
the performance of natural rubber in 
water-proof fabrics was devehjped by 
Joseph L Haas, technical director and 
fabric superintendent of the Hodgman 
Rubber Company, oldest rubber firm 
in the country. 

vSa flex-coated fabric, which the 
Hodgman company has christened 
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Ilorco-X, haj already been used for 
Army raincoats, hospital sheeting, gas 
protective fabric, life-preserver jackets, 
and water bags, while many other 
military items are awaiting final action 
or still are in the experimental manu- 
facturing stage 

In Army raincoats, the process for 
using Saflex will save more than lj4 
pounds of crude rubber per coat while 
proportionately greater savings will 
result from its use in heavier fabrics 
such as the hospital sheeting and gas 
protective cloth. With a 10,000,000 
man Army, the saving in raincoats 
alone would amount to as much as 
17,500,000 pounds of rubber. At the 
same time, since it is possible to use 
a lighter base fabric with Saflex, the 
new Army raincoats will weigh two 
pounds less than the present rubber- 
ized coats, making Johnny Doughboy’s 
pack that much easier to carry. 

Another advantage of the plastic 
after it has been compounded ac- 
cording to the Hodgman formula is 
that it can be applied to fabric with 
the same eciuipmcnt and processes as 
rubber. 

HARDENINQ 
By Induction Process 
Speeds Production 

T he process of induction heating, 
cutting down production time in many 
war industries, has, as an outstanding 
example of its usefulness, doubled the 
speed in which 28-inch sprockets of 
heavy-duty tractors may be hardened. 

A Tocco machine for hardening the 
heavy sprockets is being used by the 
Cleveland 'Praetor Company and was 
designed and installed by the Ohio 
Crankshaft C ompany, where the pro- 
cess was developed. Phe sprockets 
are used to drive the tracks of high- 
speed tractors which have gone into 
heavy military duty at airports. 

Previously only six to eight 
sprockets could be hardened in an 
hour, but now approximately 15 of 
these tractor parts may be hardened 
in the same length of time by the spe- 
cialized process, which is not only a 
more rapid method of heat treating 
than any previously used, but more 
precise, according to W. A. Silliman, 
chief metallurgist of the Cleveland 
Tractor Company. 

The tractor company’s problem was 
to harden the engaging surfaces of the 
teeth to withstand the wear imposed 
by the contact with the driving lugs 
on the tracks. While the surfaces of 
the teeth are hardened, the rest of the 
sprocket must be kept ductile. 

Mr. Silliman pointed out that one 
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important advantage of the Pocco 
process is the accuracy of control over 
the depth of the heat treatment and 
over the area of the hardened zone. 
The accuracy is made possible by the 
very nature of induction heating. 

The operator places three sprockets 
into the hardening machine at one 



Quenching the induction-heated teeth 
on three high-speed tractor sprockets 


time. The induction block of the ma- 
chine contains three inductors, each 
surrounding a sprocket area under 
treatment. High-frequency current 
flowing through the inductors sets up 
a current in the sprockets, heating the 
metal to 1500 degrees, Fahrenheit. 

The heat is maintained for 10 sec- 
onds, and the current automatically 
shut off. A stream of water then is 
turned onto the metal, which is 
(juenched for 10 seconds. As one cycle 
of heating and quenching is completed, 
the operator pulls the sprockets from 
the inductor block, sets the index on 
the fixture and moves them forward 
to begin another cycle 

STEELS FOR STEAM 
Btiltr Planit Utt Chromium 
Stool Tubing and Oaotingo 

mvGUT and cast steel parts used 
in boilers differ in alloy composition in 
accordance with the requirements of 
the service for which they are in- 
tended In general, the chromium con- 
tent of the steels is determined by op- 
erating temperatures, although the 
strength requirements of the installa- 
tion must also be taken into account. 

In many industrial steam-generating 
units, for example, the tubing used 
for convection-type superheating ele- 
ments operating in lower temperature 
ranges is made of molybdenum-bearing 
steel, containing 1.5 to 2 percent of 
chromium. Here good strength is de- 
sirable, but scaling and corrosion are 
not severe enough to necessitate the 
use of steel of higher chromium con- 
tent. However, when higher steam 
temperatures are required, which may 
be obtained by the use of radiant-type 
superheaters — the coils of which are 


exposed directly to furnace heat — 
steels with good resistance to scaling 
and corrosion and also good creep 
strength must be employed. Either 
4 to 6 percent chromium steels con- 
taining molybdenum and columbium 
or titanium, or an 18-8 type of 
chromium-nickel stainless steel have 
been found satisfactory. 'Ihis latter 
type of stainless steel is also used for 
furnace damper blades, and support 
beams for boiler economizers — Elec- 
tromet Review. 

CONSERVATION 
Of Searei Miftrialt in 
Oaaign of Ordnance Equipment 

The greatest program of design and 
redesign in history, concentrated on 
the firing weapons and equipment used 
by our soldiers, is now in full progress, 
according to an article in Product 
Ettgifieering. 'I'lie article, by Lt Col. 
J. 11 hVye, of the Ordnance Depart- 
ment, United States Army, slates that 
the program is aimed at the conserva- 
tion of every ounce of strategic 
material possible. 

Already, it is pointed out, the sub- 
stitutions and other engineering 
changes made by the Army Ordnance 
Department will result in the follow- 
ing known savings in major strategic 
materials through 1943 : 

Primary aluminum , . 170,000,000 lb. 

Nickel 49,000,000 lb 

Chromium 9,700,000 lb 

Vanadium 1,250,0001b. 

I ungsten 17,500,000 lb. 

Copper 671,000,0001b 

Tin 12,000,000 lb 

Rubber (crude) ... 60,000,0001b 

h'urthermore, says Col Frye, the 
design changes and materials substitu- 
tions have been made without affect- 
ing safety or military efficiency of the 
war material Under no circumstances 
are chances taken with safety or 
quality. ‘‘Ordnance engineers,” he 
points out, “are often criticized for 
their conservatism, for insisting upon 
thorough testing and proving, but the 
men on the firing line are glad that this 
is so.” 

Important examples of materials 
conservation, given by Col, Frye, in- 
clude substitution of steel for brass in 
cartridge cases, steel for aluminum 
on 90mm anti-aircraft gun platforms, 
and the redesign of tank tracks to 
eliminate the use of rubber by employ- 
ing other materials. 

One of the most interesting substi- 
tutions effected — that of steel for brass 
in cartridge casevS — was the result of a 
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co-operative effort m which American 
industry and Army Ordnance par- 
ticipated. It involved an intensive re- 
scarch program in which design 
played a most impoitant part. ‘‘The 
successful teimination of this research 
jn'oject,” says Col Frye, “is a signal 
tribute to American engineers, both 
Army and civilian, for many other 
countries had been tiymg unsuccess- 
fully to make aitillery caitridge cases 
of steel for years 

“True, the Germans and others had 
them in World War I and are using 
them today, but the latest advices are 
that ramming may have to be resorted 
to in order to extract the empty case 
from the gun after it has been fired,” 
he declares, “'('his cuts materially the 
rate of fire, and artillery using Euro- 
pean steel cartridge cases cannot be 
employed in barrage or other rapid 
fire. 

“'fhe steel cartridge cases developed 
in the United States are quite as satis- 
factory as the biass ones, and produc- 
tion orders liave already been placed 
with more than 45 manufacturers ** 

Tlow the various problems of design, 
metalluigy, and processing were solved 
is a military seciet but it is sufficient 
to point out that practically all sizes of 
artillery cases now are being made 
from steel, and it is estimated that the 
saving in copper in 1^42 will be 100,- 
000,000 pounds, and in FM3, 501,- 
000,000 pounds. 

Another interesting design problem 
was that of the 90mm anti-aii craft gun 
platform The original design, it is 
stated, specified aluminum floor plates 
because the added weight of steel plates 
of conventional design required five 
minutes longer for the gun to go into 
action In the event of an air attack, 
a difference of five minutes would likely 
mean the dilTerence of having or 
not having the battery and its crew 
after the attack Some difficulty was 
experienced in tool and design, but as 
a result of co-operative efforts between 
industrial and Ordnance Engineers, a 
highly satisfactory steel platform is 
now being produced It even saves a 
few' seconds from the best previous 
time required for a gun to go from 
battery into action. 

The redesign of tank tracks to elimi- 
nate the use of rubber has presented 
some difficulties, particularly because 
the urgency required fast action. The 
old design would have used many 
thousands of tons of rubber for this 
purpose alone, and represented one of 
the major Ordnance rubber require- 
ments. These tracks are an ideal steel 
casting or forging job, and the prob- 
lem would be simple except for the 
limited available capacities of these 
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industries and of machine tools for 
finishing. As a result of these condi- 
tions, it has beon necessary to design 
for several different methods of manu- 
facture. 

In addition to the use of castings, 



shoes have been developed by utilizing 
combinations of castings, stampings, 
and rolled steel sections Here again, 
military regulations do not permit a 
description of these constructions, but 
the important point is that satisfactory 
tank tracks are being produced which 
eliminate moie than 85 percent of the 
former rubber requirements 

SPRAY ANALYZER 
May Halp to Cut 
Qasolino Bills 

NEW electric-spark photogiaphic 
device for snapping split-second por- 
tiaits of liquid spray droplets is a pos- 
sible rc'^earch aid in squeezing more 
automobile miles out of each gallon of 
gasoline I'hc spray analyzer was de- 
veloped by Samuel Gilman, research 
engineer at the W^estinghouse Re- 
search Laboratories, who uses it to 
photograph water droplets one-thir- 
ticth the size of the head of a pin 
It may bo used by other engineers to 
study liquid sprays inside carburetors, 
Diesel engine fuel injector systems, 
milk evaporators, and similar ma- 
chinery, he said. 

“New automobile carburetors giving 
more miles per gallon may result from 
studies made with this apparatus,*’ Mr. 
(lilman explained. “By using it, auto- 
motive engineers will be able to deter- 
mine the exact size of gasoline drop- 
lets in the carburetor — and the fineness 
of the droplets influences the rate at 
which the fuel vaporizes. They will 
also be able to find out whether the 
spray is uniformly distributed through- 
out the carburetor.” 



Right: Camera set-up for anotyzing 
liquid sprays. Above: “Portraits” of 
flying water droplets, “stopped” by a 
ten millionths of a second spark flash 

Water droplets studied by Mr. Gil- 
man arc so tiny that they would evade 
the camera if ordinary exposures were 
used, so he takes the pictures in ten 
millionths of a second by means of a 
high intensity flash from a 5500-voll 
spark gap The camera points directly 
at the flash and the spray passes be- 
tween them. 

“What we actually photograph is the 
shadow of the droplets,” he explained 
“The tiny particles cut off the light 
passing from the electrical spark 
the camera and are recorded on the 
photographic plate as white dots 
'i'hcse ‘portraits’ are enlarged 65 times 
by throwing their images upon a ruled 
screen wdiere they can be measured 
easily. 

“Hut before wc got clear pictures of 
the particles we had to counteract the 
lens action of the droplets themselves 
We found that many droplets acted 
little lenses, spreading the light fioni 
the spark gap and showing up on the 
pictures as tiny blurred lights whose 
actual size could not be measured 
“ J'his ‘wild light’ was tamed by put- 
ting a condensing lens between the 
spray and the spark gap. The condens- 
ing lens concentrated the light on the 
lens of the camera and kept the light 
away from all the droplets except those 
directly in the concentrated beam ’’ 
The droplets having their picture 
taken still act as lenses but the light 
they transmit is so feeble in compari- 
son to the condensed beam from the 
spark gap that they appeal black 
against it. 

AIR DUCTS 

Now Boing Fabrioatod From 
Non-Critieal MalorlaU 

Shortage of sheet metal for the fabri- 
cation of ducts and casings used by th#* 
air conditioning industry has accel- 
erated the development of substitute 
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Air ducts of composition board, with 
replaced metal duct in the foreground 


materials for the eotiservation of 
priority products One sucli substitute 
is found in the use which Carrier Cor 
poration is making of composition 
boards As a result of this development 
It is now possible to fabricate a duct 
system which formetly rc(|uired 300,- 
000 pounds of sheet metal with only 
66,000 pounds of sheet metal, the re- 
mainder beiitg composed of non-criti- 
cal composition board 

PARTS PROTECTION 
Afforded by New 
Cellulose Wrapping 

RrsT, dust, and coiiosion are silent 
but powerful enemies of a smoothly 
running war machine d hey are pat- 
ticularly damaging if they can attack 
before the parts are finally assembled 
and the weapon, instrument, or vehicle 
put to Use Delicate shafts and gears 
made to tit to the ten-thousandth ot an 
inch would be ruined b\ the thinnest 
la\er of rust 

Consef|uentl\ these enemii‘s must be 
continuallx guarded against during the 
fabrication and shipping of ammuni- 
tion, guns, rangc-fmdei s, tanks, planes, 
and spaie parts 'Traditional protector 
against rust-inducing moisture has 
been a la\er of thick grease, hut it 
takes lar too much time and labor to 
remove the grease, as any W'orld War 
One soldier wdio wa^ piesrnted with a 
giease co.ited ride well remembers 

In ordei to save \,'d liable man-hours 
otliei wo^v s]H‘nt in such cleaning opera- 
tions. a numbei of plants engaged on 
war equipment work are now using a 
new tough, moisture-pi oof wrapping 
material It is made of Du Pont cello- 
pliane film laminated to a light cotton 
lahric known as ‘*scrinT’ and then ini- 
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pregnated wdth <)iher moisture-proot 
materials. It can be sealed by twisting 
the ends of the package by hand or by 
using a heat-sealing device. 

In view of the climatic conditions 
encountered in today s far-flung battle 
zones- -the abrasive sands of Kgypt. 
the high humidity of the tropics, the 
mists «and rains of the Aleutians — pro- 
tection of spare paits for airplanes and 
guns is of particular importance 
The finished part or article may now 
be thoroughly cleaned of dirt and ma- 
chining oils at the point of production 
It may then be wrapped in the cellu- 
lose material without any other pro- 
tection against rusting, except a light 
coating of oil which in many cases 
need not be removed, oi a lump of 
moisture-ahsoibing silica gel placed 
msi<le the wrapping 

• • • 

FUEL — Quonfifies of fuel oil and Diesel oil 

purchosed by Class I railroads in the first 

SIX months of 1942 increased 28 percent, re- 
spectively, compered with the same period 
of 1941, reports of the Interstate Commerce 
Commission disclose 

• • • 

EAR PLUQS 

Molded 'To Moasuro'* 

From Plastic 

PKoviDi lelief from nerve-wrack- 
ing noise in factories, dcfen.se plants, 
ship yards, foundries, and so on, an 
individually molded eai -stopper of 
smooth, translucent plastic or plaster 
of pails has been devised Reproduced 
from a special impression taken of each 
ear, the new ear plug fits the auditory 
canal comfortably and wdll not fall 
out under ordinary conditions 


1 he impact of loud sounds and noise 
IS reduced with the new device by as 
much as 40 decibels— or a diminution 
in sound powder of 10,000 times — ac- 
cording to the makers, Maico Com- 
pany, Inc Interest in the new product 
luis been acceleiated by the increased 
i<nip<) ()l production m war plants and 
tile 1 (‘suiting boost in noise-level in- 
tensity In addition, the expansion of 
piecision opeiatioiis and increase in 
oxer lime work has made the adverse 
elfects ot incessant cl.imor much moic 
noticeable L\e of sound-muflling eai- 
stoppers is claimed to reduce the ex 
(cssive iatigue and nerx^oiisness coni- 
iiion to noise-harassed wai plant 
w orkers 

In use. a factory employee selects 
his “lelt * and "light” ear-stopper, in 
seits each with a simple rotary move- 
ment Tliiis in position, each plug ex 
tends a short distance down the audi- 
loi v canal, while the cxterioi ])ortion 
nestles m the concha ot the outer 
e«ir A small, curved segment ot the 
eai -stopj)er lies just behind the frontal 
fold (helix) ot the e;ir in such a in.in 
ner that the entiie device is hidd se- 
curely, vet comfortably, with sutTicient 
spact‘ for eijiialization of an pressures 
1 he car insert can he (jiiirkly lenioved 
wlien desired, and is easy to clean In 
washing in soap and walc'i* oi mild 
antiseptic 

Imjiressions of the eai canals nwiy he 
taken by jihysicians, dentists, or «|uali 
tied t(‘chnic ians, using a special plas- 
tic mateiial available from the Maico 
( 'ompanv I he molded impressions aie 
boxed and shipped to the Maico lahora- 
torv where they .ire reproduced — den 
tal inlay fashion— in ])lastic Kach eai 
stopper »s then highly polished to a 
glassy smoothness and delivered to tlie 
user. 



Stop! in producing mode-to-moasure ear plugs. Left to right' Outer ear and conai 
cooted with oil, cotton plugging conol; plocing the plostic with spotulo; removing plug 
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INDUSTRIAL 

TRENDS 


WAR-TIME PRODUCTION LINES 

Now THAT plcasurc-car pr(xIuction Hues — symbols of 
American industrial inR-cnuitv — b;i\e disappeared from the 
face of the earth, and automotive plants have been all-out 
for war for some time, it is intercstim; to take stock of 
this one corner of our industrial picture. 

Probably no one private citi/en is more qualified to speak 
on this bro,i(l subject than Mfri'd P Sloan, jr , C'hairman of 
General Motors Corporation Hence we will turn most of 
this pa^c over to Mr Sloan .ind, by direct quotes and jiara 
phrase, present his keenly analytical views. 

( itinj^ the contiihution which en^ineci^ .ind jiioduction 
men have been able to make in dovelopirifj: a wartime 
technology, and relating the p.ot played by pioduction 
management in jiromoting both cpiantity and quality in war 
material, Mr Sloan says that General Motors procluction 
iMtes have been accelei alcd, cMigines have been iiure<is(‘d in 
horsepower, guns have been simjilified and L;i\en longer life 
and improvements have been made in t<iiik consti uction. m 
airplane propeller design, and m the manufacture of shells 
Wav devices ha\e heen de\ eloped new' characteristics built 
into old devices Meanwhile, a sound basis has been estab 
hshed for continued advance m war jiroduction technicjues 

“In past years the energies* of American industiy were 
focused on the development of a peacetime technology for 
the production of civilian goods, there was \ery little 
demand for W'ar materials.” Mr Sloan states ”( onse 
(juently, there had not been developed tec hnicjues foi the 
intensive mass production of w'ar materials that is now 
required What is taking place is the application of man- 
agement skill and experience, gained from peacetime pro- 
duction for consumers, to the problems of turning out vitally 
needed implements of war 'riiis, togethei with the applica 
tion of newly developed methods, is cre.iting a new' lech- 
nology of war production “ 

Acknowledging “the geneious co-ojicration of othei 
manufactuiers and of Army and Navy technicians, without 
which much of this progress (in (jcneral Motors) would 
not have been possible,” Mr Sloan groups into femr cate- 
gories the results made possible through the application 
of industrial mass production techniques to the production 
of war materials’ (1) savings in critical materials, (2) 
savings in production time, (3) savings in cost, with conse- 
quent reduction in the nation’s expenditure for w'ar material, 
and (4) improvement of product as based in jiart upon re- 
ports of actual experience with the product in the combat 
areas 

Citing results obtained m the manufacture of one type of 
machine gun as illustrative of the same manufacturing 
approach applied throughout General Motors war produc- 
tion activities, Mr Sloan explains some typical accom- 
plishments in achieving the objective of not only more and 
more weapons, but better and better weapons in the techni- 
cal sense . 

‘‘Mass production begiiTs with planning, involves the 
attainment of complete interchangeability of parts and 
finally requires the introduction of progressive processing 
and assembling In the c^se of the machine gun example, 
it became possible through changes in manufacturing 


methods to double production in the same man hours, to 
cut costs to half the original amount, and to build additional 
quality into the gun. Through new processe.s, more plentiful 
materials were substituted for critical materials: the number 
of special types of steels required was reduced by two- 
thirds 

“(.Voperation with machine tool manufacturerb resulted 
111 the development of new machines which greatly shorten 
manufacturing time, releasing operators and tools for other 
assignments For example, side plates originally milled 
individually were pressed nine at a time. This process was 
later improved by stamping the plates on a punch press, 
using five men for the operation instead of 40, thus enabling 
one division to transfer 35 men to other vital operations 
X'ertical reamers and drilling nuichines now handle up to 
12 gun barrels at one time Electric riveting, replacing the 
conventional cold hamniei method, halves the production 
time on the riveting operation while doing a much more 
satisfactory job ” 

Discussing the problem of m.iximum effectiveness of 
military machineiy, Mr Sloan says* 

“Modern implements of war must be specialized m ordei 
to meet specific needs Mechanical equipment intended to 
perform a paiticular duty must be of highly intensified 
design in order to give maximum performance in that one 
special seivice This means that for duties other than those 
lor which It was designed, an item of eriuipment may render. 
Ill comparison, mediocre or even inferior performance In 
other U'ords, a piece of eijuipment designed to operate at 
maximum effectiveness under certain conditions will not 
operate at the maximum uikUt all conditions 

“ I'bis principle is illustrated in the utilization of the 
\llison liquid-cooled «iirpl,ine engine, which, in certain 
designs of planes, is higly effective m medium altitude 
fighting, while the same engine with adecjiiate supercharging 
cajiacity added, and in other designs of iilanes, is rendering 
e(|ually effecti\c service at very high altitudes \ct the 
former combination would not perform effectively under 
the latter conditions, as any exjilosive type of engine loses 
pow(‘r rapidly in the higher altitudes, wdiich characteristic 
must he cot rected foi by some type of supt*r-charger 

“In general, it may be said that in the engineering of 
military products, as in the engineering of automobiles 
and other peacetime pioducts, (he development, in a single 
unit of superlative performance on all counts and under 
all conditions is impossible Extreme qualities in some per- 
foimance factors necessitate compromises and lesser quali- 
ties in others Viewed from another angle, this principle of 
selection is, of course, the very thing that makes possible the 
engineering of supeilalive performance in the specific area 
desired.” 

CORK AND KAPOK 

W iDhi.Y used in lite-jackets .ind belts, cork and kapok are 
tw^o imported products that have been hard hit by war. 
W'ork on replacing them with domestic materials is 
proceeding apace How cork is being grown in the United 
States has been discussed previously in these columns ; now 
come reports of a kapok substitute that, jiresent indications 
are, will not only replace this import from Japan but will, 
in many uses, be found superior This substitute is the floss 
of the common milkweed. As a lining for life-jackets and for 
Hying suits it is warmer than wool, more buoyant than 
kapok. Other uses for this weed are in the offing, uses which 
promise to be of outstanding importance in wartime as well 
as peacetime applications. 

—dUe Sdilou 
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Biodynes 

A Miracle of Wound Healing and Tissue 


Repair— The Life Cell's Secret 


LOIS MATTOX MILLER 

T he l)io- physicist, Dr. George 
Spcrti, of Cincinnati, was urged 
by a professional colleague to attend 
a medical meeting in Chicago, and 
since he had other business in the city, 
finally ap’recd He arrived at the meet- 
ing late and slipped into a seat in the 
rear of a lecture hall, which was 
packed with doctors. 

Dr. Thomas F. P. Walsh, a surgeon 
nf Mercy Hospital, Chicago, was lec- 
turing. and illgstrating his talk with 
lantern-slide displays of a woman 
patient burned when a gasoline stove 
exploded. Even that audience of ca.se- 
hardened doctors shuddered ; the burns 
were almost certainly fatal. But no — 
the slides unfolded the progress of the 
case, day by day. while under treat- 
ment with a new burn ointment 
therapy The surgeon commented on 
the amazing absence of pain. To the 
spectators’ astonishment, the slides 
showed small islands of new tissue be- 
ginning to form in the burned areas 
vMtlnn three to four days I'he patient 
went straight on to a rapid and com- 
plete healing and was hardly scarred 
at all 

“If T hadn't seen these pictures.” 
said one doctor, “I would have sworn 
that this was an incredibly fine job 
of skin grafting.” 

Dr Walsh ended his talk on a dra- 
matic note* 

“I feel impelled to tell you, gentle- 
men,” he .said, ‘‘that this emergency 
was even more extreme to me than 
these pictures may indicate, for this 
case was in my own family.” 

Dr. Sperti was the discoverer of 
the ointment used. This was its first 
piece of professional recognition. The 
lecture was as startling to the discov- 
erer as to any other spectator, for the 
ointment had been tested only once 
before, and less ligorously. A nun 
working in Dr. Sperti’s laWatory in 
Cincinnati was burned severely as a 
result of an explosion during an ether- 
extracting operation. As an emer- 
gency measure, fellow workers 
smeared on large quantities of an oint- 
ment with which they were experiment- 


ing in the course of cancer research, 
which is their real business. For some 
reason which no one could then — or 
can yet — explain, pain ceased immedi- 
ately and the burns healed without 
scars. 

Some of the most interesting cases 
treated have been reported in the 
scientific journals and supplies of the 
ointment were offered to doctors who 
might be interested in making further 
clinical trials and reporting their re- 
sults. Several hospitals took advantage 
of the offer. The Chicago report on 
results was merely the first of many 
just as remarkable which have fol- 
lowed in a steady stream since. Dr. 
Walsh alone has used the ointment 
in 100 serious burn cases; the story of 
each is gratifyingly monotonous. 

THE magical ointment is full of bio- 
■ dynes (from bios, life; dyne, force) 
and you arc going to hear a great deal 
about it frotn now on. 

rhe use of the salve in treating 
burns is a minor aspect; the biodynes 
aic much more important than that 
rhey are ^intercellular wound-hor- 
mones,” who.se existence scientists 
long have suspected but never before 
proved. These hormones are dis- 
charged by injured cells to stimulate 
the growth, breathing, and reproduc- 
tion of other cells. Thus, at last, science 
begins to understand the miracle of 
wound healing and tissue repair. More 
important still, the biodynes may ex- 
plain the mysterious process of cancer 
growth. 

Cells are the microscopic building 
blocks that make up all living tissue — 
plant, animal, human. Each individual 
cell behaves very much like the whole 
organism of which it is a part; it 
breathes, uses energy, grows, repro- 
duces itself, and normally lives in com- 
plete harmony with its neighbors. 

But sometimes certain cells, for no 
apparent reason, go haywire, get ”all 
out of breath,” burn up sugar energy, 
grow abnormally, and communicate 
this mad behavior progressively to ad- 
jacent cells. Generally, such chaos in 
the cell community describes the con- 
dition called cancer. Since the hor- 
mones which control cell growth have 


now been isolated, perhaps science 
may be able to use them to prevent, 
control, or cure cancer ! This possibil- 
ity is as yet remote. 

'I'he story behind biodynes is this 
In 1935, the Archbishop of Cincin- 
nati established a graduate institute foi 
scientific research (the Institutuin Divi 
riioniae), choosing as its scientific 
diicctor Dr. George Speri Sperti, co- 
founder and director of the University 
of Cincinnati’s Basic Research Labora- 
tory. Sperti was then only 35 years 
old . but already he had acquired a 
reputation as a brilliant scientific iib 
vestigator. The new institute gave him 
the .scope and opportunities he was 
looking for : the modern laboratory 
in Cincinnati and another for the 
study of marine cell life on the ocean- 
front at Palm Beach , a small but care- 
fully picked staff of chemists, physi 
cists, plant physiologists, biochemists ; 
affiliations w’ith a number of big hos- 
pitals for clinical re.search ; and a 
major project — cancer research 

Tackling first things first. Dr Sperti 
reminded his colleagues of a queer, 
half-understood factor in cell behavior 
W hen a Ining lissue is wounded, the 
adjacent cell communities snap out of 
their peaceful, leisurely routine and be- 
gin reproducing themselves at a furious 
pace Only after the destroyed cell- 
tissue has been replaced and the wound 
healed, do things return to normal 
Obviously, some substance must con- 
trol, and at tunes stimulate, cell metab- 
olism. What was it? WHiere did it come 
from? How did it work? Find that 
substance. Dr Sperti reasoned, and 
you may have the key to the innermost 
.secret of cell behavior, and a clue to 
cancer growth 

rok more than a half cenlurv scientists 
* from \’irchow to Carrel had specu- 
lated on the nature of these wound- 
healing agents, and in recent years had 
agreed that they were some kind of 
“wound hormones.” The institute re- 
searchers resolved to try to isolate 
them so that they could be studied. 

The first step was to injure living 
cells and watch what happened. But 
how can you injure such microscoi)ic 
units without killing or destroying 
them ? Dr Sperti proposed t6 use ultra- 
violet rays. Everyone knows that, in 
controlled doses, such irradiation is 
stimulating and healthful ; that in large 
doses it can be harmful, even fatal. 
More than the healthful dose, and less 
than the lethal overdose, he reasoned, 
ought to produce just the right amount 
of injury. 

For the next few years the scientists 
labored over the lights and the test 
tubes. Suspen.sions of yeast cells, cell- 
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tissues of chick embryos, lizards, fish, 
and animal livers, were exposed to 
the ultra-violet rays. After a pre- 
determined degree of injury had been 
done, the wounded tissues were care- 
fully washed in solutions Then the cells 
themselves were filtered out of the 
solution Now, if some chemical had 
been released by injury, it had to be 
there in that sterile cell free solution 
And it was ! When other bits of 
living cell-tissue from a chick embryo 
were immersed in the solution, the 
furious speed-up of cell growth and 
reproduction was plainly visible under 
the microscope 1'he life-cell, at last, 
had given up one of its most important 
secrets 

l^ow the laboratory woikers assailed 
living tissues with chemicals which 
have long been suspected as cancer- 
causing agents 'Fhey also attached 
test tubes containing cells to the dia- 
phragm of a loudspeaker ; its vibrations 
caused mechanical injury the extent of 
which could be controlled. When in- 
jury was not too great, the hiodynes 
were always there But when cells were 
too violently assailed by vibration, too 
much ultra-violet or whatever, there 
were no hiodynes Why^ Because 
hiodynes are secreted by injured living 
cells, and not bv cells that have been 
killed 

'The investigators now wanted to 
know more about the hiodynes them- 
selves One of the first things they 
learned was that there are different 
kinds of hiodynes, serving different 
purposes. Some induce the growth and 
reproduction of cells, and thus play a 
major part in wound healing. These 
they named the proliferation-promoting 
factor Another type stimulates the 
cell’s breathing, now called the respira- 
tion-stimulating factor. Still others are 
called the glycolytic hiodynes, and 
cause the cell to speed up its con- 
sumption of sugar for energy. It is 
not improbable that the number of 
known hiodynes will increase with 
further research, as was true of vita- 
mins. 

But what part do the biodynes play 
in cancer ? In cancer the cells grow ab- 
normally ; cell respiration is depressed ; 
and sugar is burned up by the process 
called glycolysis. Each of these things 
might indicate the abnormal presence 
or absence of particular hiodynes : too 
much of the growth factor, too little of 
the breathing stimulant, too much of 
the glycolytic biodyne. 

Here is the way Dr. Sperti presented 
the theory to doctors at the Third In- 
ternational Cancer Congress : “It seems 
clear from our researches that carcino- 
genic (cancer-causing agents have 



Sister Mary Redempto, S.SJ.« of the Institutum Divi Thomoe, describing to Dr. 
George Sperti her results in the froctionotion processes in preparing biodynes 


the power to injure large numbers of 
cells, and to keep them injured over a 
prolonged period of time, resulting in 
the secretion of a largo and continuous 
(juantity of growth-factor and an un- 
balance in metabolism. This, we feel, 
may be die cause of cancer ” 

Whether this theory will hold water, 
and — if it does — how the biodynes may 
be used to normalize the cells, are now 
the subjects of intensive investigations, 
both at the institute and in the medical 
clinics affiliated with it. 

Meanwhile, the biodyncs are being 
put to work on other fronts Dr. Sperti 
is impatient with investigators who 
allow newly-discovcred knowledge to 
lie idle merely because time isn’t ripe 
for its application to the big job “Look 
at the implications of your facts,” he 
urges, “think how they may be ap- 
plied along the lines.” 

That is how the biodyne oinimcnt 
for burns was created. Obviously, the 
proliferation-promoting factor was im- 
portant to wound healing, and parti- 
cularly in burns where large areas of 
new tissue must be grown. But more 
than that was needed. Experiments 
have shown that burned tissue suf- 


fers from subnormal respiration. The 
respiratory-stimidating biodyne was 
needed also ! 

With growth biodynes obtained from 
injured animal and fish livers, and 
respiratory biodyncs from yeast cells, 
the institute workers compounded the 
ointment for burns which has per- 
formed so nobly. Incidentally, it con- 
tains virtually nothing else but bio- 
dyncs and a greasy base. Just why it 
relieves pain, since it contains no local 
anaesthetic, is still unknown. 

One group of institute workers dis- 
covered another interesting application. 
Healthy skin is characterized by ample 
cell respiration , it loses its fresh and 
vital appearance as age, dirt, lack of 
sunshine, and so on, lower skin 
breathing. Moreover, the cosmetics 
which women use, according to labora- 
tory tests, merely depress skin breath- 
ing further. 

Does this mean that the ladies, for 
health’s sake, should junk their creams 
and lotions? Not at all. Simply by in- 
corporating the respiration-stimulating 
biodyne, the depressing effect of co.s- 
metics on the skin can be offset. 

The manufacture and sale of such 
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products, of coursp. will bring to the 
institute royalties which will be quite 
welcome for the maintenance of more 
important research. Docs that seem 
strange? Not to Dr. Sperti's eminently 
practical way of thinking. While he 
was still an undergraduate at the Uni- 
versity of Cincinnati, he invented 
(more or less because engineers said 
it couldn^t be done) a K-va electric 
meter which measures accurately the 
huge power loads consumed by indus- 
trial plants, and a large manufacturer 
contracted to pay $50,000 for the in- 
vention, A few years later, when he 
was a ftill professor, he decided that 
the University's Basic Science Re- 
search Laboratory needed modern 
quarters and better equipment. At the 
time he was studying the application 
of physical laws to biological materials, 
and he was aware that existing proc- 
esses for irradiating foodstuffs were 
unsatisfactory. They would put vita- 
min D in milk, for instance, but leave 
the milk tasting like burned meat. Dr. 
Sperti produced the solution: "selec- 
tive radiation” which employs only 
the narrow band of vitamin-producing 
rays and filters out all others. In re- 
turn for Dr. Sperti’s patent, General 
1^'oods gave the University of Cincin- 
nati $300,000 with which to start its 
basic research laboratory. 

From these early experiences he 
evolved the theory that in scientific 
research, brains, imagination, enter- 
prise are more essential than money: 
if your scientists have those basic 
qualities, and run short of funds, they 
can always turn their hands to making 
research pay at least a part of its own 
freight He has operated on that theory 
consistently. The institute draws roy- 
alties from his patents on fluorescent 
lighting, vitamin preparations, food 
preservat^ion, meat tenderizing, and 
irradiation processes The Sperti sun- 
lamp, which imparts vitamin D and 
tans the skin with almost no risk of 
burning, brings in $50,000 a year in 
royalties. 

Today, the scientists on the staff, 
inspired by Dr. Sperti’s example, often 
turn their minds to such practical prob- 
lems after a day’s work is done, and 
solve them as you would a crossword 
puzzle or brain-twister It’s their form 
of relaxation — but it pays dividends. 

Thus, in their spare time, they have 
discovered sources of natural rubber 
in Florida, and have produced from 
Morida seaweeds better agar than used 
to come from Japan. They have devel- 
oped also a process for impregnating 
toilet soap with vitamin D which can 
be absorbed by the skin ; and another 
that converts waste brewer’s yeast into 
a cheaper, more nutritious chicken 


HEALTH SCIENCE 

food. Recently, they have developed a 
method for sealing the flavor in coffee 
beans before roasting, which produces 
a more delicious coffee from 25 per- 
cent less grounds. 

I'he Institutum Divi Thomae is sup- 
ported by the Archdiocese of Cincin- 
nati and private contributors, but in- 
come from inventions now covers 
approximately half of the expenses of 
its main laboratories at Cincinnati and 
Palm Beach, and its ten affiliated lab- 
oratories, whose staffs number more 
than 100 scientists, including students. 
Cancer research takes lots of money, 
and these Institutum scientists are 
proud to make extra-curricular contri- 
butions to its upkeep. Perhaps that is 
why one distinguished cancer spe- 
cialist, inspecting the Palm Beach lab- 
ortories last winter, made this remark : 
"Dr Sperti never reported his dis- 
covery of that other biodyne — the one 
that stimulates such loyalty and de- 
votion in the human heart.” 


• • • 

VITAQRASS 

YeSf Tli«ra Are Vitamins 

in Grass— But . . . 

A NEWSPAPER item stating that com- 
mon grass contains vitamins was 
printed and reprinted the nation over, 
a number of months ago, and still 
brings this magazine incjuiries about 
the method of use This whole ques- 
tion has been neatly summarized in 
Nutritional Observatory, publication 
of the Heinz Nutritional Research 
Division of the Mellon Institute, Pitts- 
burgh, Pennsylvania, according to the 
following quotation • 

"The flavor, fiber content, and high 
water content of fresh grass are three 
reasons :against its use, together with 
the possibility for eating noxious weeds 
that may grow with grass and escape 
removal in its preparation for use. It 
is necessary to limit the intake of fiber 
for convenience as well as for comfort, 
and also to avoid serious wastage of 
other parts of the diet through in- 
creased rate of peristalsis, mucous se- 
cretion, and bacterial activity. 

"Man, unlike such ruminants as the 
cow, for instance, is not equipped with 
intestinal bacteria to handle large 
amounts of such bulky fare as fresh 
grass. 

"Grass has now been suitably dried 
without destroying its nutritive prop- 
erty. One such preparation, a dehy- 
drated cereal grass, made largely from 
young wheat, is getting increased 
notice. A bread in which dried cereal 


grass has been incorporated has gained 
some popular acceptance. 

"Grass either fresh or dried is de- 
cidedly laxative for most human beings 
and care must be exercised in its use, 
especially if eaten in large amounts 
Probably the digestive system should 
bo prepared gradually for consumption 
of grass. Not all individuals would be 
adapted to this kind of regimen, parti- 
culaily the young, sick, and aged with 
delicate digestive mechanisms. 

"The lequirements for carotene 
(provitamin A), ascorbic acid (vita- 
min C), and iron can readily be met 
by eating moderate quantities of dried 
grass In the case of calcium and the 
vitamin H complex factors, as thiamine, 
riboflavin, and niacin, between four 
and six ounces need be eaten, amounts 
so large as to be undertaken only by 
an enthusiast 

“Undoubtedly the wisest and safest 
recommendation is to use dried grass, 
if at all, in small amounts and finely 
ground, either as an added ingredient 
m common foods such as bread, or 
as a supplement to the diet in the 
form of tablets, which should be pre- 
scribed only on advice of a jihysician " 

NO MORE MESS 
New Superior Base for 
Ointments is Deveioped 

^^INTMENT bases that can be whisked 
from clothes or skin with ])lain watei 
have recently been devcloi)cd by phar- 
macists; greasy, messy ointments and 
salves may soon be out of your medi- 
cine cabinet Many formulas for the 
new type of ointment have been ])io- 
posed , a few have been successful 1'he 
most promising to date is announced 
in the practical edition of the Journal 
of the American Pharmaceutical Asso- 
ciation. 

The new ointment base was de- 
veloped by Dr. Emerson C Heeler at 
the Washington, D. C laboratories of 
the American Pharmaceutical Asso- 
ciation. Smooth and "washahle,” the 
base consists of cetyl alcohol, white 
wax, propylene glycol, sodium lauryl 
sulfate, and water. 

The alcohol used is a giant mole- 
cule, compared to your rubbing alco- 
hol. This makes it a white, wax-like 
solid. In combination with the "wet- 
ting” agent, sodium lauryl sulfate, it 
causes medicinal agents to penetrate 
the skin better. It is also greaseless 
and is said to make the skin velvety. 
It permits the heat of an inflamed 
area to escape more readily; dis- 
charged fluids are not sealed in as is 
often the case with greasy salves. 
— Science Service, 
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A LETTER— AND A REPLY 

Midwestern State College 

Dear Dad: 

Yesterday being Women’s Day on the Campus. Dean 
Rush, of University of i’ittsburgh, gave a marvelous talk 
on the war and a girl’s part m it. At dinner we all dis- 
cussed the talk, what we haven’t done, what we could do 
in the future, and agreed we haven’t accomplished or sac- 
rificed a single thing. The result is I am in a terrible 
state of confusion and I know you are the only one who 
can straighten me out The other girls in the house are 
bothered by the same feeling of helplessness Right now 
I should be studying for a geography location test, but 
all the time it seems as if something was hanging around 
my neck, and I can’t shake it off or settle down to any- 
thing. 

I have the feeling that all this studying is very unneces- 
sary, that it isn't vital to the war effort in any way, that 
one can hardly plan on anything, even from day to day. 
Oh, yes, we arc told they want t:ie women to remain in 
college and prepare for the future, but it all seems so 
useless when the only future we can see looks dismal and 
unpromising. I know if I weren’t m college I would be 
doing little more, if anything, to help, but when my own 
brother writes he is dropping out of school, as you know, 
to join the Marines, when other boys to the right and 
left of me are leaving for the armed services, I feel so in- 
finitesimal. And helpless. 

As for the future, what can we look forward to but de- 
pression and a state of readjustment which will change 
our mode of living moie than we can imagine? The boys 1 
know have two attitudes, neither of which help much. 
With them it seems to be a case of “eat, drink, and be 
merry, for tomorrow you nny die,” or, get all you can out 
of college, for the training and good marks will help to 
get ahead both in the Army and in the future. Actually, 
Dad, how many of the 18- and 19-year olds are going to 
buckle down and study hard when they know they will be 
called soon? 

I know thcic is no answer to this, but I only wish 1 
could feel more secure and settle down to work, and when I 
am all mixed up, how can I be expected to concentrate on 
such seemingly trivial things as the location of Azizia? 

Love, Patricia. 

P.S. Where is Azizia? 


New York. 

Dear Pat: 

To answer the easiest of your questions, Azizia is some 
20 miles south of Tripoli, near the northern coast of 
Africa. If I could truthfully and fully answer the rest 
of them, I not only could put all astrologers out of busi- 
ness, but also I could name my own price for the informa- 
tion. 

However, perhaps I can offer a sort of mental sedative, 
or injection, consisting of one part hope, one part mental 
balance, and plenty of parts each of intestinal fortitude and 
faith in the American Way. 

To try to be practical about it all, let’s first admit that 
our world is very, very sick, and that it is going to take 
several transfusions, maybe a major operation or two, 
and a lot of careful nursing through the recuperative 
period before the world’s pulse, blood pressure, and heart 
are once again somewhere near normal. To accomplish 


OUR 

point 

OF VIEW 


this will requiie the efforts of at least throe, possibly four, 
generations of the earth’s peoples, among whom Ameri- 
cans are destined to play major roles The transfusions 
and major operations must be accomplished by my own 
generation, part of the ones just ahead of and behind me, 
and a portion of yours When the suigical work has been 
completed, it will be far more the job for you, your brother, 
and all other members of youi generation than it will be 
for people my age or those older than I to recuperate the 
world — to prevent it from sloughing into the “dismal and 
unpromising” future you mentioned 

\'our job will be the toughest. After all, transfusions 
and operations are primarily mechanical in nature. They 
leijuire health, skill, and money. Youngsters of your age 
have an abundance of health. My generation can contribute 
a reasonable amount, plus skill and money. The men and 
women older than 1 can donate the skill derived from years 
of knowledge and experience, as well as money obtained 
from various sources. 

^Rit to guide a very ill world patient through con- 
valescence calls for extreme patience, diplomacy, and a 
knowledge of many things, such as architecture, engineer- 
ing, medicine, law, chemistry, physics, languages, eco- 
nomics. history, and. yes even the location of Azizias. 

1 hat’s your job Yours and all members of your gen- 
eration who may be blessed with the opportunity of re- 
ceiving knowledge from our “intelligence factories” — our 
colleges and universities — both now and after the war 
IS over It is to be hoped that your brother and as many 
members of his class as possible will be spared to return 
to college for the “know how” they will need to guide the 
destinies of America and the world. After the last war, I, 
like many others, didn’t go back to school — and I’ve lived 
to regret it. 

It IS only by acquiring that “know how” that you and 
your classmates may be fitted for the job of bringing a 
recuperating world back to a state of health which will 
mean happiness to all 'i'hat “know how,” as always, comes 
from our “intelligence factories.” 

Above all, it is not a question of looking forward to 
“depression and a slate of readjustment ” It is a chal- 
lenge to the young men and women of your age to pre- 
pare themselves to, if possible, prevent depression, or, if 
that materializes, to conquer it. As for readjustment, we 
are all going through that now, every day — and will con- 
tinue to do so— to such an extent that it is problematical 
if we can be called on for any performance we cannot 
render Doubtless many Dads have to answer letters like 
yours, and I say for all of them to all of you — stick to 
your job of learning as long as you can. If you must give 
it up to protect your country, by all means go back to it as 
soon as you can. We shall need you and your knowledge. 

Dad (A.D,R., IV.) 

(Tli« two prinUd obov« or« copitt of octvol cerrotpendonco, wllfi 

only miner chongot, between on Atfociote Editor of tbU mogoxino end 
hit daughter.— O.D.M.) 


JANUARY 1943 • SCIENTIFIC AMERICAN 


17 




ASTRONOMY 


Star of A. D. 1054 


An Unprecedented Physical Process in a 
Unique and Extraordinary Object 


HENRY NORRIS RUSSELL, Ph.D. 

Heod of the Deportment of Astronomy and Director of Hio Obtorvo* 
tory ot Princeton University. Reetorch Atsociofe of the Mount 
Wilson Observotory of the Cornegie Institution of Woshington 


T WO recent papers from Mount Wil- 
son, dealing with the Crab Nebula, 
permit additions to the account which 
we gave last August, 

It was already known that the Crab 
Nebula shows a strong continuous 
spectrum in addition to the familiar 
bright lines. Baade, photographing 
with color screens — one transmitting 
the red hydrogen line and the strong 
forbidden nitrogen lines close by, and 
the other including a region further 
in the deep red in which the spectrum 
shows no bright lines — finds images 
so different that they would hardly be 
taken for the same object. The first 
reproduction shows an intricate net- 
work of bright filaments on the origi- 
nal, remarkably rich in fine detail, 
supei posed on a feeble continuous 
background. On the second the fila- 
ments are entirely absent, and there 
is only a diffuse image quite devoid of 
sharp detail and considerably smaller 
than the first. The star-images out- 
side are about equally bright, so that 
this cannot result from under-expo- 
sure. 

These remarkable photographs show 
that the nebulosity consists of two 
distinct parts, ‘'an outer system of 
filaments, and an inner mass of amor- 
phous structure.” The line spectrum 
is evidently concentrated in the fila- 
ments and the continuous spectrum in 
the amorphous mass. 

The filaments are conspicuous in the 
first photograph because the color- 
screen was deliberately chosen so as 
to transmit the light of the bright red 
lines, and cut off the continuous spec- 
trum as closely as possible on each 
side, so that its light might not drown 
out the details. Baade estimates that, 
when the whole range of spectrum is 
considered, the continuous spectrum 
accounts for more than 80 percent of 
the light of the nebula. 

This fine piece of observation opens 
the way to a fuller understanding of 
this remarkable object. Photographs 
with the first filter show the filaments 


much more sharply than the older 
ones in which they were half drowned 
by the continuum. Ten years hence, 
when new plates taken in the same 
way can be compared with them, we 
should have much more accurate de- 
terminations of the outward motions 
of the filaments than we have now. 

AT THE same time, and at the same 
observatory, the spectrum of this 
nebula has been studied by Minkowski, 
both by observation and theory. The 
observations put it beyond any doubt 
that the bright-line spectrum comes 
from the filaments; for whenever a 
filament, as shown on the direct photo- 
graphs, crosses the known position of 
the slit of the spectroscope, the bright 
lines appear. This bright-line spec- 
trum is of the ordinary nebular type, 
with “permitted” lines of hydrogen and 
helium, and forbidden lines of oxygen, 
nitrogen, neon, and sulfur. The hy- 
drogen lines are fainter than usual, 
and the nitrogen lines stronger ; but it 
is evident that we have to deal with 
the now familiar situation in which 
masses of gas are illuminated with 
short wave ultra-violet light coming 
from a very hot star, and thus excited 
to shine by processes which are well 
known. 

This hot star must be the remnant 
of the old super-nova. It is probably 
the “south-preceding” component of 
the faint double star near the center 
of the nebula. ('I'he other component 
has a spectrum of the solar type, and 
is not hot enough.) Baade concludes, 
however, that the question cannot be 
settled decisively until the proper 
motions of the nebular filaments are 
better known. From these the motion 
of the point from which they were 
ejected in 1054 can be found. This 
should agree with the motion of the 
star, which is already pretty well de- 
termined; but, as Baade remarks, the 
mass of the nebula may be as great as, 
or greater than, that of the remnant 
of the star from which it was ejected. 


and therefore the motions of the two 
need not be exactly the same. 

The star in question has the photo- 
graphic magnitude of 15.9. Allowing 
for the distance of the nebula, and an 
estimated absorption of 1.2 magni- 
tudes by obscuring interstellar matter, 
the absolute photographic magnitude 
comes out 4 8, or about twice as bright 
as the Sun 

The brightness of the nebula is 
greater by about seven magnitudes 
— that is. it is 600 times brighter than 
the star which illuminates it, and 1000 
times brighter than the Sun, visually 
as well as photographically, since the 
color is about the same. 

It might seem at first sight absurd 
that the nebula should be so much 
brighter than the star which sets it 
shining; but this is what might be 
expected if the latter is exceedingly 
hot. All but a very small fraction of 
its radiation would then be in the re- 
mote ultra-violet, to which our at- 
mosphere is opaque, d'he nebula acts 
as a transformer, absorbing much of 
this energy, and converting jiatl of 
this into light of longer wavelength, 
which gets through the air to us. 

IT HAS been well understood for 
* years just how isolated atoms can be 
stirred up to emit their characteristic 
bright spectral lines in this way, but 
the continuous spectrum is something 
new. It is ccitainly not due to re- 
flected light from the central star — 
it IS hundreds of times too bright We 
cannot get away from this conclusion 
by assuming that this nebula itself is 
almost opaque, and obscures more than 
99 percent of the light of the central 
star, for the bright lines shifted toward 
the red, which must come from the 
receding gaseous filaments on the far 
side, are substantially as bright as 
those shifted to the violet, from the 
near side. The nebula is undoubtedly 
almost transparent, and its continuous 
as well as its line-spectrum must be 
formed within it by some process of 
transformation of the short-wave radi- 
ation of the central star. 

Minkowski has proposed a very in- 
teresting explanation for this. Briefly, 
he suggests that the process which 
causes this faint nebula to shine is 
essentially the same as that which 
makes the gases of the Sun’s surface 
appear as a luminous photosphere, and 
keeps the vast stores of heat inside the 
Sun from escaping faster than they do. 

In the solar gases, even at the sur- 
face, there are a great many free 
electrons, removed from the various 
atoms. When such a free electron 
passes near a charged atom it may 
get by unscathed and recede at the 
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sauie speed; or it may suffer a transi- 
tion to another orbit> and escape with 
diminished velocity ; or it may be 
captured by the atom and remain 
bound to it. In the last two cases, ener- 
gy has to be got rid of, and it escapes 
as radiation — not with a precisely fixed 
wavelength, as in the case of a trans- 
ition between different states of the 
same atom, but with all sorts of wave- 
lengths, depending on the circumstances 
of the transition. The light resulting 
from a multitude of transitions of this 
sort, analyzed by the spectroscope, 
gives a continuous spectrum. 

It is now generally accepted that the 
continuous background of the spec- 
trum of the Sun, and of the stars in 
general, is produced by transitions of 
this kind in the solar or stellar at- 
mospheres, and the regions underlying 
them. In a star, the total thickness and 
(piantity of gas is gieat, and the net 
effect, seen from a distance, ciosely 
resembles the surface of an incandes- 
cent solid 

k iiNKowsKi’s hold suggestKjii Is that 
the excessi\ely tenuous gases in 
the Crab Nebula shine by the same 
process 'fhere is no doubt that the 
atoms in these gases would he highly 
ionized by the influence of the radia- 
tion of the central star , and that the 
electrons thus liberated would undergo 
transitions such as have just been 
described when thev come near the 
charged atoms The only (luestion is 
whether enough light could be pro- 
duced in this way to account for the 
actual brightness of the nebula 

After a thorough analysis by meth- 
ods too technical to summarize here, 
Minkowski concludes that this is pos 
siblc and arrives at numerical results 
which, though approximate, .should 
give a good idea of the general situ- 
ation. 

He finds that the nebula is 15 
times as massive as the Sun This 
seems large; but its average diameter 
is four light-years, so that its mean 
density comes out 3X10""*^ g/cm® — or 
one pound in a sphere 4000 miles in 
diameter. This corresponds to 500 
atoms per cubic centimeter, which is 
a thousand times or so greater than the 
density of the interstellar gas which 
pervades our part of the Galaxy. Hence 
the existence of the nebula as a lumi- 
nous body is intelligible. 

The amount of gas in a column a 
centimeter square, extending right 
through the center of the nebula from 
edge to edge, comes out 12 milligrams 
— or equal to that of a column of ordi- 
nary air of the same cross-section and 
four inches long. After full allowance 
for the higher opacity produced by 


the electron haze in the gas, it is evi- 
dent that the neliula must be almost 
perfectly transparent to the light of the 
stars behind it. 

I'he central star which provides the 
power to run this extraordinary trans- 
former of energy must be exceedingly 
hot. Only rough numerical estimates 
can be made, but Minkowski finds that 
all the known data can be reconciled 
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Above: Crab Nebulo, X6300--6700 


(in the red of the spectrum) 

Below: The some at X7200 — 8400 
(in deeper red and infra-red) 



with a surface temparture of 500, ()00 
degrees, a radius of 1/50 of the Sun’s, 
and a total radiation 30,000 times the 
Sun’s. Practically all this is in the 
extreme ultra-violet, and the trans- 
formation of a few^ percent into visible 
light accounts for the observalde nebu- 
la In the outer parts of the nebula, 
where the atoms get down to more 
onlinarv states of ionization, the bright 
lines would be emitted by the standard 
process. 

This interpretation describes .an un- 
precedented physical process ; but it 
applies to a unique .and extraordinary 
oliject, and is derived from our best 
present knowledge of the properties 
of matter Its author does not present 
it as proved, but as a hypothesis con- 
sistent with the known facts. 

The most remarkable part of the 
picture is the central star, which is 
almost as small as a white dwarf, but 
excessively luminous and hot. The 
existence of such stars is not merely 
explainable theoretically, but was pre- 
dicted years ago If a star contracts 
more and more, its central density 
must at last become so great that the 
matter approaches the degenerate state 
where further contraction will occur 
only under enormous pressure. The 
white dwarf stars are generally recog- 


nized as being degenerate throughout, 
except for a thin surface layer. There 
must be an intermediate stage where 
the core of the star is degenerate, but 
the outer half is still composed of nor- 
mal ga.s. Such a star, though only two 
or three times as large as in its final 
state, would still be very hot on the 
surface Eddington — in discussion at 
a conference in Paris in 1939 — stated 
that a star’s surface would at this time 
be the hottest in its whole career and 
coined the name “blue dwarf” to des- 
cribe it 

we have a star that appears to 
be actually in this state. The only 
trouble observationally is that it is not 
blue, but yellowish-white. However, 
when only a ten-thousandth part of 
the whole radiation of a star is found 
in the visual and photographic region, 
it is quite possible that some secondary 
elfect may disturb the distribution of 
this minute fraction of the radiation, 
and modify the color. 

'riie mass of this blue dwarf, if it is 
degenerate at the center, must be not 
much greater than the ."sun’s Here we 
meet our final difficulty . wc must as- 
sume that in the super-nova catastrophe 
most of the mass of the original star 
was blown off into space, leaving only 
about a tenth — more or less — to settle 
down into a blue dwart Hut even this 
has been predicted on general princi- 
ples 

111 a degenerate m.ass of gas, when 
the velocities of the moving electrons 
begin to become comparable with that 
of light, the baw connecting pressure 
and density changes Chandrasekhar 
has shown that, when this is taken into 
account, a star of small mass (less 
than twice the Sun’s) will settle down 
into a permanent state with a degen- 
erate core, as a w’hite dw^arf, and finally 
as a “black dwarf,” cold on the sur- 
f.ice; but a kirge mass (ten times the 
Sun’s or more ) can never become quite 
degenerate, hut should continue to con- 
tract without limit 

It is natural to suppose that some- 
thing would ultnn.ately happen to end 
this process, and it may well be that 
the contracting star blows up, ejects 
enough matter to leave a residue small 
enough to form a degenerate core, .and 
then develops successively into a blue, 
a wdiite, and a black dwarf. At the 
Pans Conference of 1939, Chandrase- 
khar suggested that some catastrophic 
change of this sort might be responsible 
for a super-nova. 

This suggestion — at that time pure 
theoretical speculation — fits in remark- 
ably well with these later data. — 
Princeton University Observatory, 
October 30, 1942, 
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Soil Saboteur 

Selenium, When Present in Soil, May Kill Livestock 
Poison Foods Raised for Human Consumption 


J. V. SHEPARD 

A karmfr id one of the 

(ji'cat Plains states walked into 
a doctor’s office tlu' otiier day com- 
plaining of vague gastrointestinal 
symptoms and a persistent skin rash. 
Instead of proceeding with a physical 
examination of the patient, the doctor 
inquired whether his chickens were 
doing well and whether all his eggs 
had hatched this spring In due time, 
the physician explained that thcne is 
.1 \eiy leal connection between sick 
poultiy and sick fanners Chickens, 
livestock, and human populatn^ns liv- 
ing in ceitain aieas of the Northwest 
eat grains and other foodstuffs raised 
on soil containing selenium, an ele- 
ineiit as ])oisonous as arsenic 

Selenium poisoning first became a 
problem in the Northwest when that 
territory was opened up to home- 
steaders 'I hese early settlers were 
hafHed and dismayed by a strange 
affliction which deformed or killed off 
gieat numbers of their livestock Many 
cattlemen thought the malady was 
caused by alkali waters, so it became 
widely kianvii as “alkali disease ” Find- 
ing themselves unable to cope with the 
problem, cattlemen and fanners turned 
to their agiicultmal expeiiment sta- 
tions for government help, hut it was 
not until P)29, after many fruitless and 
disappointing experiments, that scien- 
tific investigators got on the right 
tiack and started hunting down the 
selenium saboteur 

One of the first to prove that grains 
<ind plants in ceitain areas vveie toxic 
to animals was K \V I'ranke, of the 
South Dakota Expeiiment Station, but 
he could not determine the exact nature 
of the i)oison. Finally, in 1931, the 
problem became serious enough to vvai - 
lant federal aid Dr 11 (i Knight, a 
government chemist, suggested that 
selenium might be the toxic principle 
in the grain It was an inspiration 
straight from heaven, but it took Dr 
VV. O. Robinson, another government 
research man, to anchor that inspira- 
tion with some solid facts. In 1933 he 
successfully proved that selenium in 
the eioil5=seIenium in pjants?=selcnium 


in livestock=:dead, poisoned livestock. 

Selenium poisoning may be of a 
chronic or acute type, but in either 
event the effects are not pleasant to 
behold C ows, horses, and pigs which 
have eaten toxic grains suffer from 
loss of weight, lamenos.s, damage to 
heart and liver, and, most pitiful of 
all, a marked deformity of the hoofs 
which may eventually slough off. 
rhese animals are frequently in such 



Deformed hoofs of a cow seriously 
offlicted with poisoning by selenium. 

pain that they will remain in one spot 
and starve rather than attempt to gia/e 
on their sore feet Cows with deformed 
hoofs have even been observed grazing 
on their knees in order to lest tlnm 
deformed feet In the acute form 
of poisoning, known as “blind stag- 
gers,” the animals suffer from im- 
paired vision and seem to lose all 
sense of direction. Tliey wander about 
in circles, and when confronted with 
an obstjicle, they will push up against 
it rather than attempt to detour. They 
frequently acquire a depraved appetite 
for such items as wood and metal 
While the hoofs are not alTecled in 
this form of poisoning, the animals 
suffer from increasing paralysis and 
usually die vvdthin a short time 

D ucks and chickens also have then- 
troubles with selenium. The effects 
of the poisoning on adult birds are not 
very spectacular, but the effect on a 
chick embryo developing within a se- 
lenized egg is something really fan- 
tastic. The embryos are frequently 
deformed into such weird shapes that 
one might suppose Dame Nature had 


suddenly got all her patterns con- 
fused, cutting out peculiar birds with 
one eye, no wings, short legs that end 
in a single toe, and beaks much too 
short to pip the shell. Even when the 
chicks are not too deformed to hatch, 
they are born weak and decked out 
in a most unbecoming wiry down. 

One of the most devilish things 
about selenium poisoning is its effect 
on animal fertility and the fact that 
it can carry over to the next genera- 
tion. Experiments on laboratory ani- 
mals have confirmed field observations 
that matings between seleni/cd parents 
are frequently steiile and, even when 
conception does take place, there is 
constant danger of miscarriage or 
birth of deformed offspring 

W Hii.E the selenium problem has 
been most serious and persistent 
in South Dakota, Wyoming, and Ne- 
braska, there are perhaps a dozen more 
states in the Circat Plains area and 
the Rocky Mountain belt which have 
riMson to be concerned with the prob- 
lem Actually there is not a continent 
in the world which is entirely licc of 
the mcn.ace, for selenium has been 
found in wheat giown in Canada, 
Mexico, Spain, Argentina, Australia, 
New Zealand, Algeria, and South 
Africa. 

In those states where selenium de- 
posits are found in the soil, they are 
by no means evenly distributed ovei 
the entire area but are found asso- 
ciated only with ccitain geological 
formations The foundations for our 
present-day selenium problem weie 
laid as far back as 60 to 90 million 
vears ago During the C retaceous jiei - 



Loborotory rtiult of injecting o 
healthy egg with selenium ; deformity. 
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iod selenium-rich shales were deposited 
over wide areas of the earth’s surface 
At that time there were no such thinj^fs 
as cows and farmers and western 
wheat : only a few giant reptiles were 
on hand to witness the dark deed Nor 
was there any hint of a 20th Centuiy 
drought in that area now known as 
the (jieat Plains, for it was suh 
merged beneath a shallow sea To 
the west of this sea was a range of 
mountains which preceded our present 
Rockies. Cieologists believe that active 
v()lcanoes in these mountains spewed 
out gaseous selenium and selemferous 
ash which w'ere blown out over the 
sea and combined with soluble iron 
compounds in the water I hose com- 
pounds remained in the eaith when the 
sea finally drained aw'ay 

l^^iiiiF the (|uesiion a^ to rhe pn 
** marv souice of selenium is chief- 
ly of academic mt(‘r(*st the ftU t that 
selenium is invariably found in certain 
geological formations is df gie.it prac- 
tical impoitance here and imw W heie- 
ever the geologist spots ,m outcrop of 
certain shales and limestoiu's ol the 
Cretac(‘()Us period, he can be pietty 
sure of finding seleniferous soil and 
can mark this area as a (Linger /one 
In fact, from a geologic<il map of the 
world, it is quite jiossiblo to j)r<‘dicl pist 
whetc seleniferous areas will occin 
Even after it has been definitely 
proved that the soil of a particular 
region -'ontams selenium, it does not 
follow that the plants giowung in that 
soil w'ill contain a toxic amount of the 
element, for plants vary widely m 
their ability to absoih selenium Em- 
thermore, selenium occuis in three 
chemical forms* chiefly as basic iron 
selenite, an insoluble foim available to 
only a limited vaiietv ot plants, less 
frequently as calcium seleiiate and or- 
ganic selenium, which aie available to 
all plants The most notorious selenium 
gluttons are flowers like the \ etches 
woody aster, and pi nice s plume, 
which grow in colorful profusion 
throughout the cattle- and sheep-rais- 
ing sections of the Northwest. These 
plants look deceptively beautiful and 
harmless, but let the bovine diner be- 
ware ! Such floral fare is responsible 
for livestock losses estimated at mil 
lions of dollars annually 

Selenium-accumulator plants are 
doubly dangerous in that they are able 
to convert insoluble selenium into 
water-soluble compounds of the element 
and return it to the soil in a form 
readily absorbed by farm crops 

But the career of a selenium-accunv 
ulator plant is not all evil. Because 
they grow only on toxic soil, they help 
investigators spot selenium outcrops 


and map off the areas dangerous for 
farming and ranging. 

If livestock alone were the victims 
of selenium poisoning, our story would 
be tragic enough, but there is reason 
to believe that human populations in 
certain rural areas are consuming toxic 
amounts of selenium in drinking water, 
cereals, vegetables, meat, eggs, and 



Chick embryo found in egg loid 


by o hen poisoned with selenium 


milk hoods produced m seleniferous 
areas should be carefully analyzed and 
the final market products ('becked for 
t()t<d selenium ('ontent Brief public 
health surveys have been conducted in 
the most s<'riously affei'ted areas, hut 
imu h work remains to he doiH' Local 
jdiysicians m these ai(‘as are learning 
to iec(3gm/e symptoms of selenium 
poisoning and should he icquested to 
report all cases to state oi federal 
authorities 

'\ he selenium problem, for all Us dis- 
ci >111 aging aspects, still lias its bright 
side, for there are several methods of 
control wdiich reduce the danger to a 
minimum Highly toxic areas may 
either be fenced off or planted with 
non-food crops which are to be used 
m industrial products In one section 
of South Dakota the government has 
already withdrawn 100.000 acres from 
cultivation In other places it may be 
sufficient to destroy selenium-accum 
ulator plants and to raise alfalfa or 
other forage grasses which do not ab- 
sorb toxic amounts of selenium. Where- 
ever proper irrigation and adequate 
under-drainage are available, much of 
the selenium can be washed out of the 
soil and drained away. 

Research workers have long been 
trying to discover a possible counter- 
actant for selenium poisoning. Dr. A 
L Moxon, of the South Dakota Ex- 
periment Station, has found that arsenic 
compounds are effective in protecting 
laboratory animals against selenium, 


but the dosage has not yet been stand- 
ardized for practical use on the farm. 
'Folcrance levels of selenium for live- 
stock feed have also been determined 
so that farmers in the toxic areas can 
have llicir grain analyzed at the state 
laboratories to se'c whether it contains 
a dangerous percentage of selenium 

Having taken adequate precautions 
to protect hen and horse from selenium 
poisoning, it would seem only reason- 
able to cHablish tolerance levels for the 
human animal and to enforce these 
standards by gov^ernment inspections. 
The agricultural experiment stations 
have done a s|)lendid bit of work in 
muting out the cause of soil sickness 
and in pointing the way to eliminate 
the danger 

A6AR 

Source Found in 
Puerto Rico 

DiNtov'KRV oi cl hountifiil source of 
algous materials suitable for prejiai- 
ing agar, the indispeu'^able fungic and 
bacterial culture medium used in evta \ 
hospital and biological experimental 
laboratory, for years <i Japanese mn 
nopoly product, may prove to be a sig 
nificant result of ten months spent m 
Puerto Ru'o by Dr Hugo L Blom- 
(|uist, chairman of the Duke Uiu versify 
botany department 

Already agar is becoming more dif 
ficull to procure and. with the Japanese 
and other oriental souiccs closed, 
laboratories will have to look else- 
where for supply Professor Blom- 
(|uist icports that he has located sev- 
eral types of seaweed from which sat- 
isfactory agar-jiroducmg materials 
might he obtained 

Agar is unique in that while bac- 
teria and fungi floui ish in its gelat- 
inous mass it is not consumed or de- 
stroyed by it Dr BlonKjuist, an 
authority on grasses, algae, fcins, and 
mosses, became interested m the prob- 
able origin of severcal unusual speci- 
mens of tropical seaweed while at 
work during recent summers at the 
Duke Marine Laboratory at Beaufort, 
N<»rth Carolina. Following severe 
storms and several hurricanes, the 
shore became littered with the strange 
specimens, now taking on an important 
aspect 

Going to the Ihiiversity of Pueito 
Rico in August, 1941, as exchange pro- 
fessor. I^rofessor Blomquist began to 
look for ^he tropical seaweed, but it was 
only after Pearl Harbor that the search 
and final discovery of abundant areas 
of growth gave the routine scientific 
investigation practical impoi tance 
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Blass, Present and Future 

Applications of Glass to Unusual Purposes Reveal 
interesting Possibilities for Further Development 


R. A. MILLER 

Piftebwrgh Plot* Olott Company 

T he glass industry offers a di- 
versity of opportunity for the 
adaptation of its product to human 
needs, needs emphasized as well as 
created by the war. Developments over 
the last ten-year period have altered 
general conceptions as to the fragility 
of glass. Now glass is utilized in many 
places where previously 
its tendency to break bad 
precluded the possibility of 
such use. 

Obviously, in this time 
of stress, military objec- 
tives are the chief concern 
Factories are being con- 
verted in every way pos- 
sible to the production of 
military materials, and 
many civilian needs must 
remain unsatisfied As a 
result, careful considera- 
tion of consumer requests 
and desires may, and prob- 
ably will, develop many 
new fields in which glass 
products can be used to 
the satisfaction of all con- 
cerned 

Automobile tires cannot 
be made from glass, but 
tight catch basins for 
shower bath installations 
are possible. There is no 
satisfactory glass hand 
grenade, but satisfactory 
orifice plates of glass for 
use in the metering of gas 
and other fluids have been 
made. Perhaps there will be no request 
in the near future for glass dance 
floors, but the fact that they can and 
have been built. Indicates an increas- 
ing sense of the utility of glass as an 
engineering material. 

In the war effort, glasses have been 
developed which will stop .50-caliber 
bullets effectively. Such impacts will 
tear off a man’s leg or arm. Today, 
bent laminated glass housings for 
pilots and bombardiers on bombing 
planes are being fabricated. A year 
ago they were believed to be impossible 


to make, but are now wholly accept- 
able to the armed forces. Special bom- 
bardier windows are now made for 
aircraft in bent laminated safety glass. 
A year ago, it was believed impossible 
to supply such windows in normal 
plate glass. 

'I'he widespread casualties resulting 
from glass blown from its frame by 
bomb explosions have emphasized the 
necessity for providing adequate pro- 


tection against that hazard. Under 
most conditions, tempered plate glass 
and laminated safety plate glass afford 
the maximum protection obtainable. 
Wire glass gives reasonably good pro- 
tection, but involves a hazard of seri- 
ous injury from flying chips and par- 
ticles when the debris is being cleaned 
up. There are different materials on 
the market which will afford a degree 
of protection from flying glass, de- 
pendent upon the thickness of the film 
applied to the glass, its adhesion to the 
glass, and the tenacity of the film it- 


self. It is impossible to evaluate any 
of these materials, and any such evalu- 
ation probably will not be accom- 
plished. Suffice it to say that ordinarily 
the thickness of films should be ma- 
terially greater than a single coat, and 
should approach very close to .030 
inches. 

New and suitable applications for 
glass products are being sought, atui 
some more recently uncovered are 
quite unusual. A notable application 
is a glass vault; an attempt is also 
being made to construct caskets en- 
tirely of glass. Several glass or glass- 
lined bathtubs have been built in vari- 
ous parts of the country. Principally 
these have been made of tempered 
plate glass, and it is proposed that 
the burial vaults be of the same ma- 
terial. Self-supporting glass shelves, 
requiring only a few screws to hold 
them in place, are an immediate pos- 
sibility Tempered plate glass mirrors 
are available in essentially 
the same forms as normal 
glass mirrors, and with 
the further advantage that 
there will be no hazard of 
flying glass resulting from 
bomb explosions. Recent- 
ly, the adaptation of mir 
rors to the exterior of 
strategic buildings, as an 
effective means of camou- 
flage, has been suggested, 
but whether or not its val- 
ue is sufficient has not 
been determined. Invisible 
or non-reflecting glass in 
large areas is still a dream 
of the future, but treated 
glasvses affording these 
characteristics, on small 
areas, especially in optical 
instruments, are gradu- 
ally becoming available. 

Tempered plate glass 
kick-plates on doors have 
been found to be satisfac- 
tory. They are obtainable 
either as enamelled tem- 
pered glass or as the clear 
or sand-blasted product. 
Numerous everyday uses 
of glass offer themselves for consid- 
eration. In many instances only the 
fringes of the realm of possibility have 
been explored. Wider use of Nucite 
chalkboard in school rooms in increas- 
ing volume is possible, while applica- 
tions of mirrors in homes has by no 
means approached a saturation point. 
Many people will recall having seen 
a considerable display of corrugated 
glass washboards. It seems entirely 
likely that the field for this item can 
again be exploited to a large degree 
One interesting application of tem- 



Th« walls of this modem bathroom are of Corraro gloss, the 
door of the shower stall of Herculite tempered plote gloss 
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Carrara 
gloss ploques 
moke attroctive 
centerpieces 
or oppropriate 
bases 
for small 
objects 


pcred glass louvres may be found in 
the cooling towers of ice factories, 
breweries, and many other industrial 
works where water must be cooled by 
atmospheric evaporation. At least one 
such tower has been erected in west- 
ern New York and serves as an out- 
standing landmark and advertising 
means for a prominent ice company 
in that territory. 

The tanning industry is another field 
that ofifers wide possibilities for the 
use of polished plate glass, in the form 
of slabs for “tacking” hides, a process 
used in virtually every tannery 
throughout the country Glass has only 
just begun to invade this industry, and 
the potentialities appear enormous 

pvEN though there has been a very 
^ definite curtailment of private build- 
ing construction, still there should be 
available many opportunities for the 
distribution of glass plates as the 
lintels of windows, especially in 
kitchens and other places where vari- 
ous utensils are habitually placed on 
the window sill. 'J'he potentially large 
volume of business in the use of tem- 
pere<l plate-glass dresser tops for 
kitchen cabinets and other household 
equipment of a similar character 
should not be overlooked Desks in 
children’s nurseries may be protected 
against damage to the writing surface 
by a tempered glass cover A piece of 
tempered flesh-tinted glass brings out 
beautifully the grain of a mahogany 
or oak desk. 

In this enlightened age there are 
many homes heated with more or less 
unsightly steam or hot water radiators. 
Tlie tops of these radiators offer an 
outlet for structural glass shelves 
Inking plates on printing presses ; glass 
covers on end tables to prevent un- 
sightly rings caused by the overflow- 
ing cup ; window ventilators ; wind 
screens on porches; and cigarette or 
cocktail trays, all offer potential or 
present markets. Tracing tables in 
drafting rooms, mantel mirrors in the 
living room, direction signs, air-raid 
protective glazing, and crane cab win- 


dows, are a few suggestions for ex- 
panded use of glass, already tried and 
found satisfactory. 

In this day of rationing, kitchen 
reminders comprising a mirror and a 
sandblasted section upon which the 
desired items may be noted, appeal 
to the housewife. Blocks of Nucite are 
suitable materials as knife sharpeners. 
Glass fire screens serve all the pur- 
poses of the now unobtainable wire or 
bron/e screens, and the support may 
be made of hard wood blocks. Of 
course, these screens should be tem- 
pered plate glass. 

Glass blocks nierit careful consider- 
ation as a means for expanding sales. 
The utility of the small glass block 
banks as repositories for accumulating 
funds for the purchase of war bonds 
and war savings stamps should not be 
overlooked. Glass blocks definitely 
offer a means for satisfactory glazing 
without having recourse to any of the 
types of sash commonly used in the 
past, and no strategic materials need 
be consumed. Glass .surface plates for 
use in machine shops and tool rooms 
will afford surfaces more than com- 
parable in accurac> with the metal 
plates previously used. 


Recently a man suggested an aerial 
glass fort, consisting of a huge star- 
shaped glass parachute with smaller 
star-shaped glass parachutes suspended 
from each corner of the larger one, 
and again still smaller glass forts sus- 
pended from each coi ner of the smaller 
y)arachutes. He proposed to tow this 
thing up into the air with airplanes 
or other similar tractor means, and 
then depend upon the wide expanse 
of the glass parachute to offset the 
effect of gravity and maintain the fort 
suspended in the air Another chap 
has suggested the coating of the ex- 
terior of submarines with mirrors so 
that when they came to the surface, 
one would see the reflection of the 
waves rather than the contour of the 
submarine proper. It might work, you 
know, but is highly problematical I The 
suggestion of camouflaging buildings 
with mirrors probably falls into the 
same general category as this last 
proposal. 

■THERE seems to be a definite possi- 
■ bility that large glass plates may be 
used as wholly satisfactory reinforcing 
means in concrete structures in lieu 
of the previously employed steel rod, 
which is now unavailable. One ad- 
vantage of this material would be the 
reduction in the total weight of a given 
beam to carry a given load, since the 
density of the glass and that of the 
concrete which it displaces are about 
the same. Some reduction in thermal 
stresses should also result, since the 
coefficients of expansion of the two 
materials are veiy nearly alike. It is 
an idea which will bear considerable 
inspection and development work. 

Another outlet of potentially great 
volume would be the lining of various 
types of chutes with glass plates, either 



One of the first gloss olfors ev«r installed 
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shaped or in the flat form, fferetofore 
the cost of glass in comparison with 
other materials has precluded its use, 
but in view of the fact that problems 
of rusting, and the consequent speeding 
up of abrasion, will be eliminated, it 
is probable that glass will show a life 
comparable to steel and other materials 
which will more than justify the extra 
cost. The use of glass for the surround- 
ing casing on various types of house- 
hold furnaces, is another idea being 
studied. 

• • • 

QLASS WALLS 
Now Avallablo In 
Portablo Form 

A w \R- IN SI* I RED improvement in par- 
tition construction, which uses only 
wood and glass, is facilitating the 
quick subdivision of existing homes 
and ofhces to permit their additional 
occupancy and more efficient use. The 



Frame, A; moldings, B and C; wedges D 


improvement, announced by the 
Owens-Illinois Glass Company, is a 
packaged glass-block interior wall, 
consisting of prefabricated wood strips 
and Insulux glass blocks Demountable 
at will, all materials in the wall are 
salvageable for use in remounting the 
wall elsewhere, or in different dimen- 
sions. The blocks are eight and twelve 
inches square and four inches thick, set 
in the wall on edge. The wood strips 
are ridged on their sides so as to 
groove into the corrugated edges of 
the glass blocks The strips are profiled 
so as to interlock with each other. 

The whole wall, once put up. then is 
locked up with coupled wood wedges 
around the sides and top. 

With this development, houses need 
no longer be constructed with perma- 
nent interior walls. A house with only 
iu outer walls can be considered ready 


' K. 



Setting up a portable glass wall 


for occupancy Its occupants can move 
in with their portable walls as a part 
of their belongings d'ho layout of the 
rooms tlien hecomes a jiart of the 
decorative design of the new occnjmnts 
Each year- -or at will ---the room ar 
r.ingement can be changed 

In the case of a wat factory needing 
additional administration offices, walls 
so readily constructed or moved, and 
furnishing all the inherent light trans 
mitting properties of glass, plus 
privacy, to the otheiwise darkened 
interior of the plant, arc indispensable 
where additional employees are 
crowded into an established office, 
looms can be subdivided in much the 
same way that rooms in homes are 
added to accommodate w'ar workers 

GRAIN PESTS 
Inseets Raquirg Intenslvt 
Control Moaturot 

T HE shortage of storage space foi a 
large part of the tremendous grain 
crop is resulting in use of many make- 
shift temporary structures, which ac- 
centuates the problem of uisect control, 
cereal pests in flour mills, warehouses, 
and other storage places normally 
costing the nation nearly a third of 
a billion dollars annually. 

Examinations in Oklahoma, for in- 
stance, made over 23 widely scattered 
counties, show that an average of 42 
percent of all stored wheat in past 
years was infested with some form of 
harmful insect. 

In most grain storage structures, 
contact sprays, when properly applied, 
reduce the number of necessary fu- 
migations. Contact spraying is helpful 
in freeing both regular and makeshift 
structures from insects before the 
grain is put in for storage 

These contact sprays usually con- 
sist of a specially refined odorless pe- 


troleum oil, which acts as a carrier 
and solvent for toxic materials that 
are deadly to insects. While pyrethrum 
is the toxic ingredient in many sprays, 
it is now being supplemented by a 
.synthetic compound derived from 
castor oil and known as isobutyl 
undecylcnamide or by the more pro- 
nounceable name of IN-930. Du Pont 
chemists, who developed this com- 
pound, .say it is replacing a substantial 
portion of pyrethrins previously re- 
quired for an active base, and is not 
only more efficient but is more stable 
and easier to standardize 

OCD EXTINGUISHERS 

Now Being Turned Out By Thousandt 

From Many Faetorias 

X norsvNDS of new fire extinguishers 
to he used by OCl^ workers in figlit- 
ing incendiary bombs and fires started 
l)v bombings are now corning from 
lactones in the east, the middle west, 
and the west It was recently an 
noiinced by Underwriters’ Eabora- 
tones, Inc. after cniiipletiiig an in- 
sjiection of tlie production at many of 
the tw'cnty-odd lactones where the 
extingunliei s aic being made, that test 
eijinjinient and inspection tirograms 
have been set up at most of the plants 
The Laboratoiics will test the ex- 
tnignisheis and label those that meet 
the specifications 

1'hc extinguisher type decided upon, 
and now' in production, uses water — 
the best all ’round and most plentiful 
fire extinguishing medium The de- 
vice consists of an iion tank which is 
galvani/.ed to prevent it fiom rusting. 



The new OCD fire extinguisher being 
tested on a simulated building fire 


The tank holds four gallons of watei 
In the tank is installed a hand pump 
to which is coniuctcd a ten-foot lengtli 
of hose with a nozzde on the end 
equipped with a deflector so that a 
.solid stream or a spray may he had 
The essential difference between the 
new OCD type of water extinguisher 
and the type which has been used by 
fire departments for many years is that 
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Next to the Stars and Stripes . . . 

AS PROUD A FLAG AS INDUSTRY CAN FLY 


Signifying 90 Percent or More Employee Participation in the Pay-Roll Savings Plan 


It doesn’t go into the smoke of battle, but 
wherever you see this flag you know that it spells 
Victory for our boys on the fighting fronts. To 
everyone, it means that the firm which flies it has 
attained 90 percent or more employee participa- 
tion in the Pay-Roll Savings Plan . . . that their 
employees are turning a part of their earnings 
into tanks and planes and guns regularly, every 
pay day, through the systematic purchase of 
U. S. War Bonds. 

You don’t need to be engaged in war production 
activity to fly this flag. Any patriotic firm can 
qualify and make a vital contribution to Victory 
by making the Pay-Roll Savings Plan available 
to its employees, and by securing 90 percent or 
more employee participation. Then notify your 
State Defense Savings Staff Administrator that 


you have reached the goal. He will tell you 
now you may obtain your flag. 

If your firm has already installed the Pay-Roll 
Savings Plan, now is the time to increase your 
efforts: (1) To secure wider participation and 
reach the 90-percent goal; (2) to encourage 
employees to increase their allotments until 10 
percent or more of your gross pay roll is sub- 
scribed for Bonds. ‘‘Token” allotments will 
not win this war any more than “token” resist- 
ance will ke^ our enemies from our shores, 
our homes. If your firm has yet to install the 
Plan, remember, TIME IS SHORT. 

Write or wire Jor full farts and literature on instaU 
ling your Pay-Roll Savings Plan now* Address 
treasury Department, Section D, 709 12th St,, 
NW,, Washington, D. C 






Make Every Pay Day ^'Bond Day” 


'• .A„ . r; ■ ■'S- 





Thil Spoc* it a Contribution to Victory by 
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the former is made almost entirely of 
non-strategic materials. 

The pump of the OCD extinguisher, 
instead of being made of brass, is made 
of steel tubes coated inside and out 
with porcelain — a radical departure 
from previous construction. The pis- 
ton, piston rings, stuffing box, and 
valves of the pump arc made of plas- 
tics. Glass marbles serve as valve balls. 
.Such parts were formerly made of 
brass. 

The ten-foot length of hose attached 
to the pump is made entirely of re- 
claimed rubber, no crude rubber at all 
being used for this part. The nozzle 
on the end of the hose is of plastic 
which will withstand hard abuse with- 
out breaking. 

The extinguishers have been de- 
signed with a tapered tank so that they 
may be ‘‘nested” to conserve space in 
being shipped to the various parts of 
the country where they will be used. 
They will be shipped disassembled, to 
be assembled at their destinations by 
the OCD personnel to whom they are 
assigned. 

• • • 

LINGUISTICS’— There ore more fhon « 

thousand distinct longuoges now spoken on 
earth, without considering foirly diverse 
dialects. 

• • • 

LOW-QRADE ORE 
Btlng Utllizfd by Mtini 
of Gbomloil Balloont 

Chemical “balloons’^ are now lifting, 
from low-grade minerals which were 
once disregarded, quantities of vital 
copper, zinc, lead, nickel, tungsten, 
chrbmium, and other strategic metals 
for military production, according to 
E. I. du Pont de Nemours & Com- 
pany. 

Working of low-grade deposits for- 
merly thought of little value is made 
possible by so-called froth flotation 
Chemicals with an affinity for the 
grains of ore lift them in a bath from 
the worthless *'gangue*' or residues 
with which ores are associated in the 
earth. 

Copper and zinc for shells; lead for 
bullets; copper for wire in motors, 
communication, and power lines ; 
vanadium ; nickel ; tungsten and molyb- 
denum for special steels; manganese; 
chromium; and a host of other vital 
metals are now obtained by froth 
flotation. 

Flotation agents have been used 
for many years, but new chemicals 
developed in recent years have im- 
proved the practical and economical 
recovery of ores from low-grade 
mineral deposits. In mining camps of 
the United Nations enormous loads 
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of low-grade ore ground in water flow 
daily into boxes, called cells. Minute 
amounts of chemicals are mixed with 
the ore. 

The chemicals attach themselves se- 
lectively to the grains of the valuable 
minerals, and air bubbles lift them to 
the surface. Then the precious min- 
erals are scraped or skimmed off the 
surface. Subsequent smelting and re- 
fining give important metals that go 
into implements of war 

SOABBARD 
For Bayonotty la 
Midi of Plistio 


NEW bayonet scabbard made of 
Tenite, a tough plastic material pro- 
duced from cellulose acetate butyrate, 



Light-weight Kabbard of plastic 


is now being issued to United States 
troops throughout the world. This 
scabbard is exceptionally light in 
weight, as compared with the ordinary 
type constructed principally of wood 
and leather, yet is strong and durable 
It is particularly satisfactory for hard 
service in all climates. 

• • • 

RUBBER — If automobile ond truck owners 
of the United Stotes were to turn in on 
overoge of one worn-out, discorded tire eoch, 
o 435, 000-ton supply of rubber scrop would 
be provided. 

• • • 

ANTI-FREEZE 

Boils at High Tomporaturoy 

Provonts Rost 

After having been proved in use 
over a test period, a new radiator anti- 
freeze, known as No-Freeze, has been 
placed on the market. It protects cool- 
ing systems against freezing down to 
35 degrees below zero and has a boiling 


point of 324 degrees, Fahrenheit. Made 
of non-critical materials, it is stated 
that No-Freeze does not contain inor- 
ganic salts and will prevent rust in an 
engine cooling system. 

ELECTRON MICROSCOPE 
Progrtis Report Rovoalt 
Now Horizoni 

T hat the electron microscope is play- 
ing an ever-increasing role in the war 
effort, is found in a recent announce- 
ment that 43 of the RCA instruments 
are now in use where they will be of 
greatest service in bacteriology, chem- 
istry, and metallurgy. .Seven of these 
instruments arc installed in England 
Scientists of RCA Laboratories, in re- 
porting on their electron microscopes’ 
performance to date, list the follow- 
ing 12 outstanding discoveries and 
accomplishments : 

Photographing of influenza virus 

A considerable amount of secret 
work is being done on the devclo])- 
ment of polymers as applied to plas- 
tics and especially to artificial rubber. 

New light has been thrown on the 
texture of textile fibers which may 
lead to better and longer-life tires, 
also longer-wearing, warmer clothes 

Study of bacteriophage virus and its 
destructive effect on bacteria 

Finding of unusual and unclassified 
crystal growths which the light micro- 
scope has been unable to resolve 
.Since the microscope is able to focus 
to a great depth even at low magnifica- 
tion, it is possible to study crystal 
structures which could not be resolved 
heretofore. 

The study of surface structure of 
metals by the replica method, resolving 
detail unexplored by the light micro- 
scope. 

Stereoscopic micrographs are made 
possible by the extremely high reso- 
lution and depth of focus of the elec- 
tron microscopes, producing images 
with third dimensions. 

Through the high resolving power 
and large depth of focus of the in- 
strument, accurate calibration of mag- 
nification is possible, so that particle 
size and distribution can be determined 

Photographing of plant virus, such 
as the tobacco mosaic virus, and the 
study of anti-serum in the control of 
these viruses. 

Discovery of the fact that virus par- 
ticles have internal structures as found 
in the vaccinia virus. 

Recording of the action of germicidal 
agents on individual bacteria. 

Adaptation of the electron micro- 
scope to production control is becom- 
ing increasingly important. For ex- 
ample, control of production of paint 
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pigments by the use of the electron 
microscope has resulted in a great im- 
provement in pigments of all types 
from paints to inks. 

CERAMICS 

Take on Added Duties 

in War-Time 

A SCIENTIFIC industry as ancient as 
man yet as modern as today is coming 
into its own — and may yet prove to 
be one of the saviors of the American 
standard of living in this day when 
nothing short of an A-1 priority can 
buy even a tin can— accoi ding to one 
of Its foremost Chicago exponents. 
Dr IT. (i Fisk, mineral technologist 
at the Armour Research Foundation, 
ddie industry is that of ceramics, 
winch began as an art rather than a 
science centuries ago when primitive 
iiiMi first formed crude utensils from 
the clay found near his aboriginal 
home Dr Fisk states • 

1 he ceramics of today is a far cry 
from those early clay dishes Kven 
before war took metals out of circula- 
tion, ceramic raw materials were in- 
volved in 70 percent of all industrial 
chemistry opeiations; thev were fun- 
(limentally basic in the processing of 
most metals and x\\ integral part of 
such sciences as radio and electrical 
engineering 

.Since Fearl Harbor imposed ration- 
ing upon the American scene, how- 
ever. ceramics is daily becoming more 
important than ever and is well on its 
way toward a degree of importance it 
has not known since the advent of the 
metal age 

Modern ceiamics, too, is a far wider 
science than mere clay modeling. In 
its broadest sense, it involves practi- 
cally all non-metallic minerals 

And that is the basis for its special 
importance in war-time, for non-metal- 
hc minerals along with plastics are the 
only answer to the plaguing question 
of replacing metals needed in war pro- 
duction. 

Silicate products — principally glass 
— are the basis for a large portion of 
ceramic articles — glass for window 
panes as well as the precision mirrors 
and lenses of modern optical instru- 
ments, glass made into dishes said to 
rival fine eastern china in beauty. And 
now, glass is being put into use once 
again for food containers, for ship- 
ping oil and other fuels. And modern 
improvements in annealing are mak- 
ing it practical. 

Glass insulation was successful even 
before the war — but war’s stimulus 
makes it almost a *^must.” Glass wool, 
for example, used in insulating a 
battleship, cuts down the weight by 
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some 50 tons, and it is fireproof and 
vermin-proof. 

Another new use for glass is in 
marking airports and military high- 
ways. Tiny glass beads imbedded in 
the surface of markers reflect even a 
weak light into a guide for fliers or 
caravans. 

A second common and fundamental 
ceramic product is enamel, which to- 
day is experiencing a come-back as a 
replacement for aluminum. Aluminum 
once replaced enamel in the manufac- 
ture of kitchen utensils, hospital in- 
struments, and other common con- 
tainers, and gained immediate popu- 


larity because of its greater lightness. 
Today’s superior enamels, however, 
placed over a stronger and thinner 
base metal, rival even aluminum. 

Enamel has also been introduced as 
a lining for water and steam pipes and 
hot water heaters since copper has 
joined the list of vital metals. And 
enamels are even u.sed on bricks and 
other construction materials to aid in 
withstanding the elements. 

Another fundamental use of ceramic 
products is for abrasives. The present 
day machine gun, for example, re- 
quires 32 different grinding operations 
before it acquires the precision for fir- 



Crown Jewel for Victory 


T his is a chunk of optical glass. It has 
been broken out of a porcelain pot 
which came from the furnaces of the 
Bausch & Loinb Glass Plant. 

It may be destined for use in binoculars — 
the long-range eyes of Army and Navy. It 
may be one of the types of glass that com- 
prise the optical system of a medical re- 
search microscope. Or it may go into 
service as a range-finder prism, finished to 
accuracy limits of one second of arc, an 
error so small that it amounts to only one 
foot in 39 miles. 

Fathered by William Bausch, the B&L 
Glass Plant was born in 1914. Under im- 
[Mftus of glass shortages in the first World 


War, it grew to full manhcKxl. Research 
and development have continued without 
interruption since, so that today America 
need not look beyond her own borders for 
a supply of this essential war material. 

One hundred and ten types of optical 
glass come regularly from the Bausch & 
Lomb furnaces, to provide the various re- 
fractive indices and dispersions required in 
the lenses and prisms for thousands of 
scientific instruments. 


BAUSCH & LOMB 

OPTICAL COMPANY • ESTABLISHED 1853 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION. RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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iiig against the enemy. And the 
abrasive wheels used in those grind- 
ings are the modern descendants of 
the old grindstone- -made to run at 
speeds at which the latter instrument 
would have flown into a thousand 
[)ieces. 

Made from fused alumina, formed 
Mom bauxite deposits too poor in 
(picdity for extraction of pure alumi- 
num, the modem abrasives arc hard 
enough grind the finest steels to 
precise measurements Other abrasives 
still harder .ire made of tungsten car- 
bide and boron caibide 

( orundum — eith<*r synthetic or nat- 
nial IS also used for sapplnre jewels 
in jnecision hearings for time bombs 
.ind split-secoiifl airplane instruments 

Other ceiamic products vital in to- 
day's industry are magnesium oxide 
aiul smnl.ir products used for refiac- 
tones m steel and oil industries, 
giaphite Used for molds in met.il cast- 
ings .asbestos foi insulation, shingles, 
,ind luMt pioof Stilts and gloves, quartz 
in i.idio manufactuie, kyanite for re- 
h.K tones .ind, recently, low grade 
tojiaz found in the United States, now 
used as a substitute toi kyanite, for- 
merly impoited from India, pigments 
lor paints, quartz s.and used in sand- 
blasting, and various and sundry types 
of bricks used for construction to re- 
place lumber. 

Many of these products were vital 
long before war created unusual cir- 
cumstances. But all of them have 
taken on unusual significance during 
lecent months and will become more 
important as long as the war lasts, in 
the opinion of Dr. Fisk 

PENCIL DRAWINGS 
Midi on Now Board 
Can ba Bluoprintod 

C OMPLETELY satisfactory blue prints 
can be made from pencil drawings 
provided the drawings are made on a 
surface which permits the drawing 
of hard, clean lines. Such a surface, 
applicable to any drawing boaid, has 
recently been developed by the W. H. 
Long Company The surface, called 
the No-Ink Top, is a specially pro- 
cessed white composition Ys of an 
inch thick, which is to be permanently 
glued to the drawing board. Drafting 
tape is Used in place of thumb tacks to 
hold the drawing in position and a 3H 
or harder pencil is used 

The resiliency of the surface allows 
the drawing paper to be indented 
under pressure of the pencil. All lines 
are drawn with a double stroke, the 
result being that the shallow indenta- 
tion made by tlie first stroke is filled 
solidly with lead on the back stroke. 


Thus is produced an opaque, evenly- 
edged line which is virtually as clean 
cut as an inked line. 

Although the surface of this new 
drawing board top yields to pressure 
of the pencil, all indentations disap- 
pear immediately ; even needle holes 
made by the compass close tq) and dis- 
appear 

SHOP GLAMOR 
Presarvtd by Design 
of Welding Clothes 

Xhl puobi EM of how a woman can 
cany on a welding job safely and still 
look feminine has been solved by new- 



For the form divine 


ly designed tailored leather garments, 
of the type shown in one of our illus- 
trations. Said to be the first clothing 
of its kind to be shaped to women’s 
curves, this new safety clothing was 
designed by American Optical Com- 
pany engineers to protect against 
dangerous flying sparks generated dur- 
ing the welding operation. Fhe tail- 
ored leather garments, plus leather 
gauntlets and cap, welding helmet and 
safety goggles — not to mention lip- 
stick — complete the protective en- 
semble. 

FIREPROOFING 
New Platter Will 
Witbstend Bomb Fire 

Typical uses of a new fireproofing 
plaster are protection against incen- 
diary bombs, prevention of the upward 
spread of fire in a basement, fireproof- 
ing rooms, and so on. This plaster, 
made by the Paprex Company, is ap- 
plied directly to wood, concrete, metal, 


glass, anrl standard plaster surfaces to 
a thickness of inch. It dries in about 
four days, after which time it will 
withstand direct exposure to a blow- 
torch flame at 2200 degrees, Fahren- 
heit, for 20 minutes. 

Having a consistency of tacky dough 
when dissolved in water, this new 
plaster is made from non-critical dom- 
estic materi.als. 

• • • 

STREETS— Street costs in American cities 

hove been going down since 1930, analysis 
of reports of cities with 100,000 or more 
populotion discloses In 1930 o total of 
$139,323,000 was spent on streets by the 
cities m the 100,000 group, which amounted 
to 8 percent of total expenditures. In 1939 
street expenditures by the cities hod dropped 
to $116,444,000, 0 decline of 16 percent 

• • • 

PRIMITIVE NAVIGATION 
Methods Rotlod Upon 
by Solomon Islanders 

N \TiVKs of the Solomon Llaiids use 
“spiritual aids to navigation,” accord- 
ing to an exhibition in the department 
of anthropology at b'leld Museum of 
Natural History, Chicago. 

Radio direction finders, periscopes, 
and other modern aids to aviation and 
navigation ate commonplace in the 
Solomon aie.i since the navies and air 
forces of the United States and Japan 
have come into conflict with each other 
there However, the primitive natives 
of the region, who make long voyages 
in their large war and trading canoes, 
place their faith in grotesquely carved 
wooden figures in senn-human form 
'riicse are placed on the bow of a 
canoe, just above the water line, in a 
position in which they seem to peer 
down into and through the water with 
vigilant eyes that never blink from 
fatigue riie Solomon Islanders regard 
these images as representatives of a 
protecting deity, a spirit which is sup- 
posed to watch for reefs, rocks, and 
all other hidden dangers of the sea, 
and to guide the vessel away from such 
perils. 

The natives place the same confi- 
dence in these inanimate lookouts that 
we place in living seamen, especially 
trained to watch and listen from fore- 
peaks and crow’s-nests, aided by the 
most up-to-date mechanical devices 
to locate the approach of danger 

INVISIBLE RAYS 
Maka War Mapi» Charfs, 
lastramantt Yialbla 

Complex maps and ocean navigation 
charts which can be read in total 
darkness and military control panels 
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lighted by invisible lays are now prac- 
tical for war use through the develop- 
ment of a new group of ultra-violet 
(black light) sources, according to 
E. W. Beggs, Westinghouse lighting 
engineer. 

All of the new fluorescent typo of 
black-light devices, ranging from a 
walnut-sized bulb to a four-foot glass 
tube, use a newly discovered chemical 
coating which transforms short wave 
ultra-violet into near ultra-violet or 
black light. “Black light is fast be- 
coming an effective war weapon for 
the nation’s fighting forces,” Mr 
Beggs says “Already it is making it 
possible for American ])ilots to illumi- 
nate fluorescent glowing msirument 
dials in the darkness without glare 
which would impair the pilot’s ability 
to see out into night Even the ieeble 
glow of the instrument panel can be 
dimmed or instantly extinguished at 
the turn of a switcii ” 

Trail-blazing with fliioiescent jiow 
ders or paints is another one of the 
important new possible uses for black 
light, the engineer s<ii(I IE tins 
method, mai kings left on trees, stones 
and bushes remain invisible until 
picked out in the daikness bv ultra- 
violet spotlights 

Maps which must be read imdei 
blackout conditions citlier on land or 
sea can actually bo made to hglit up 
in the dark in sever«d different colors 
for different types of information, 
Mr Beggs explained, in describing the 
most effective light souices lequned 
to activate fluorescent and phosphores 
cent materials C harts coated with 
phosphorescent chemuals a( t like stoi 
age batteries of light, absorbing a 
quantity of ilhimination in less than 
a minute and then iele«ising it m the 
daik over a period of se\eial hours 

“Both fluorescent materials, which 
light up only while irradiatefl by in 
visible ultra-violet, and i)lios])horescent 
coatings will have unlimited applica- 
tions in civilian as well as military 
activities New and eflicient black 
light lamps ranging up to four feet 
in length and resembling fluorescent 
lamps in appearance have been de- 
veloped for practical use l>y applying 
a chemical coating to the glass walls 
of the tube,’’ the W estinghouse engi 
neer pointed out. 

“wSuch units are now ready for the 
production aisles of war plants, the 
control rooms of power stations and 
ships and other places where complete 
blackout might cause dangerous con- 
fusion. 'fhe black-light lamps would 
light up fluorescent paint or machin- 
ery, power switches, doors and stair- 
ways and even create paths of soft 
illumination across the floor. The same 
effect can be attained without ultra- 


violet by using regular lighting and 
phosphorescent material, although this 
illumination is not controllable and is 
limited to a definite period of time,” 
Mr Beggs explained 

d he most effective light sources for 
charging up phosphor chemicals as 
well as fluorescent coatings are inei- 
cuiy vapor and fluorescent lamps, Mr 
lieggs’ r(‘search has revealed, although 
ordiutiry incandescent lamps and ar- 
gon glow bulbs arc also used Black- 
light IS obtained from these sources 
by using cither a purple filter or 
chemical coating to sift out visible 


light Phosiihorescent paints charged 
up with mercury vapor or fluorescent 
lamps have high initial brightness 

HOME DEHYDRATION 
Offers New Poseibilitiee For 
Food Preeervation 

I NTEREST in the dehydration method 
of preserving fruits and vegetables 
in the home has been greatly stimu 
lated by the prospect ot a long war 
When fruits and vegetables are dehy- 
drated, their bulk is greatly reduced 




UNe<*. 
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and a far larger quantity may be pre- 
served per jar. Then, too, dehydrated 
products can be preserved quite satis- 
factorily in other types of containers 
than the conventional *‘fruit jars.’* Cel- 



Tht dehydrating frays 


lophane-lined paper bags or old tin 
coffee cans which may be available of- 
fer adequate protection. 

Working with General Electric en- 
gineer Howard Haynes, Drs. Donald 
Coniin and Alvin C. Wolfe, of the 
Ohio Agricultural Experimental Sta- 
tion, have developed a new infra-red 
dryer that cuts drying time almost in 
half and in so doing produces a much 
more acceptable product. When dry- 
ing time is shortened, these workers 
state, the taste quality of the dehy- 
drated product more closely approxi- 
mates that of the fresh fruit or vege- 
table and its nutritive value is quite 
likely to be higher. However, there is 
a limit to the rate at which moisture 
can be effectively removed in the dry- 
ing process If it’s done too rapidly, 
the outside of the product dries faster 
than the center, hardens, and thus 
materially retards dehydration. 

In the cabinet of the new dryer are 
four drying trays placed one below 
the other. Above the top tray there 
are four 240-watt reflector drying 
lamps. The top tray is heated by the 
radiant energy from the lamps, the 
lower three trays by warm air circula- 
tion. To maintain uniformity of prod- 
uct, tray positions are cluinged every 
15 or 20 minutes, the top tray going 
to the bottom, the others moving up 
one notch. A small household-type 
electric fan is used to further induce 
rapid drying; an opening at the top 
of the cabinet permits the moist air to 
escape. The relative humidity inside 
is kept below 65 and temperatures of 
140 to 150 degrees are maintained. 

Such a dryer is simple and inexpen- 
sive to construct. The cabinet may be 
built from any good insulating mate- 
rial such as half-inch Celotex. It can 
be conveniently placed on a kitchen 
table and plugged in to the nearest 
electrical outlet. 

Another home-type dehydrator has 
been constructed by Orrin Hale of 
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Seattle, publisher of Northwest Gar- 
dens and Homes magazine. Hale’s de- 
hydrator is built of four plywood 
panels forming the walls and door. 
These were reinforced at the edges by 
pine boards. Before staining, the de- 
signer gave the entire exterior of the 
cabinet two coats of Rez, synthetic 
resin sealer, which penetrated the 
pores of the plywood to prevent warp- 
ing, the bugbear of such wooden cabi- 
nets, because they contain ideal in- 
gredients for such a condition — large 
amounts of moisture and heat. 

Heat is furnished by a large-size 
electric element in the bottom of the 
cabinet, controlled by a thermostat. 



Looking down on homo dohydrotor 


An electric fan blows hot air over the 
contents of the dehydrator and keeps 
the air circulating. To allow passage 
of air, the trays are three inches 
shorter than the cabinet, and are 
placed alternately to the front and 
back for better ventilation. Trays arc 
four inches apart, are made of pine 
wood frames with galvanized screen 
on which fruit and vegetables are laid. 

• • • 

MILEAGE — Tho 32,065 members of the No- 

tionol Rurol Letter Carriers Association 
consume approximotely 140,000 goltons of 
gosoline every doy in covering 1,400,000 
miles. Frequent stopping and storting oc- 
counts for the low gos mileoge. 

• • • 

FULQURITES 
Fallon WIrg Prodnoot 
Pitrlflod Roplloi of Aro 

Lightning recently .struck a power 
line near Wooster, Ohio, and the 
broken wire carrying 22,000 volts fell 
to the ground. Along 45 feet of the 
wire as it lay on the ground the bril- 
liant bluish white flames of the electric 
arc played continually, flaring up 
more brightly with every lightning 
flash which produced powerful electric 
surges in the wire in addition to its 
own current. 

After the storm, long masses of 
glassy solidified molten sand and rock 
were found along the ground where 


the wire had lain. They were shaped 
like a tree trunk with short side 
branches. Where the arc was fiercest 
the trunk was four inches in diameter 
and the branches more than an inch 
in diameter. 

This unusual phenomenon was re- 
ported by Karl Ver Steeg, of the Col- 
lege of Wooster, in Science, 

Lightning, when it strikes in dessert 
sand or on a beach, often leaves a 
fused and petrified replica of itself. 
These fulgurites are sometimes several 
feet in length, but seldom more than 
two inches in diameter. The one pro- 
duced by the broken wire and the 
storm is therefore a record breaker, 
doubtless due to the fact that the 
arcing continued for nearly three 
hours, while a stroke of lightning lasts 
but a small fraction of a second. 

I'ulgurites, a few inches long, have 
also been produced in the laboratory by 
causing artificial lightning to strike 
into a bucket of sand, as has been 
described in these pages in the past. 

SEALING LIQUID 
Protects Concrete, Wood, Against 
Oil Infiltration 

W HEN several coats of a new liquid 
material have been applied on a wood 
or concrete surface, that surface is pro- 
tected against attack by oil or giease 
'ibis new sealing liquid, known as 
Caibo-Non-Solv, dries in two or thiee 
hours and is available in several colors 
It is claimed to be inert to attack by 
petroleum products, manufactured sol- 
vents, organic and inorganic oils, and 
fatty acids 

RUST 

Films Being Studied 
by Speoial Balance 

^^RMED with a new laboratory 
weapon, scientists are on the trail of 
an invisible saboteur that attacks 
machines and practically all metals, in 
peacetime as well as in war. This 
enemy is air, whose atoms of oxygen 
are constantly eating away metal sur- 
faces. Each year these atoms cause 
more than $ 200 , 000,000 damage to 
bridges, steel buildings, and machine 
parts — the result of tarnish, rust, and 
corrosion. 

To find out how oxygen combines 
with metals, and how fast, Dr. Earl A. 
Gulbransen, of the Westinghouse Re- 
search Laboratories, is actually weigh- 
ing oxide films, or rust, with a tiny 
weighing machine so sensitive it 
measures billionths of an ounce. 

‘'One thing we want to know in par- 
ticular,” the research chemist explains, 
”i.s just exactly what makes stainless 


30 


SCIENTIFIC AMERICAN 


JANUARY 1943 




Steel stainless. If we can uncover this 
secret, we may be able to find some 
simple way to give ordinary steel and 
other metals the same protection 
against oxygen in the air.'' 

Dr. Gulbransen devised the special 
balance, and sealed it in a glass tube 
to take measurements on pieces of 
metals half the size of razor blades. 
Movements of the balance’s pointer, so 
minute they can be observed only 
through a microscope, reveal the 
weight added to a tiny sample of steel 
by a single layer of invading oxygen 
atoms. One layer of atoms is about lo 
billionths of an inch thick. It tips the 
scales at 15 billionths of an ounce. 

"'Our job of fighting rust is diffi- 
cult," Dr. Gulbransen continues, '"be- 
cause we are combatting a process of 
nature. In extracting metals from 
their ores, we drive out the oxygen 
and other undesirable substances. 
Once they are purified, we try to keep 
oxygen from recombining with them. 
Tarnish, corrosion, and rust are evi- 
dence that metals don’t like to be 
alone — would rather reunite with their 
former allies and slip back into the 
crude ores, or oxides, which arc the 
most stable forms for them to exist 
in." 

After the metal sample is placed on 
the balance, neither it nor the balance 
can be touched by the chemist during 
the experiment. 'I'he tube in which the 
balance is mounted is sealed and the 
air is removed by two vacuum pumps. 

‘‘Then the sample of steel must he 
cleaned/’ says Dr. Gulbransen, "al- 
though it was polished and washed 
three times in alcohol before it was 
placed in the tube But even the brief 
contact with air while putting it in 
the tube was enough for the formation 
of several layers of oxide which must 
be removed. 

"This final cleaning is done with 
hydrogen, A small amount of the gas 
is piped into the tube from a pressure 
tank. The hydrogen combines with the 
oxygen on the surface of the sample 
to form free water vapor, which can 
then be pumped out of the tube. 

"The apparatus is then ready for 
the start of an experiment. A small 
amount of oxygen is admitted to the 
tube from another tank. The sample 
gets heavier, as the oxygen combines 
with the surface layers of the steel, 
swiftly at first and then slowly. Move- 
ment of the balance beam is watched 
through the microscope, and the 
changes in weight arc recorded every 
few minutes.” 

The chemi.st can make his experi- 
ments at any temperature from 332 
degrees above zero down to 292 de- 
grees below. "Experiment^ at many 
temperatures are important,” Dr. Gul- 
bransen points out, "because air af- 
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fects metals differently at different 
temperatures. Stainless steel, for ex- 
ample, does not remain stainless above 
U)00 degrees, Fahrenheit” 

TUBE PACKING 
RedatignMl to Stvo 
Matorialt and Spaeo 

NEW principle of packing radio 
tubes which, if utilized by the tube 
industry, will result in shipping space, 
material, handling and warehousing 
savings, has been developed by the 
manufacturers of RCA radio tubes By 
adopting the new method, RCA alone 
is saving some 120 tons of packing 
material a year, and is able to ship 
approximately twice as many tubes in 
a boxcar or truck. To extend the value 
of the new packing principle more 
quickly, RCA has granted patent rights 


to the new type cartons to other tube 
manufacturers. In addition, other tube 
manufacturers have been shown fac- 
tory routines that have been developed 
to make best use of the new process 

The new packing ideas were de- 
veloped by Charles T. Elliott, a 27-year* 
old packing engineer who attacked the 
problem by consigning all existing 
packing containers to the scrapheap 
rhen he .set about designing new type 
containers which would use the least 
possible amount of cardboard, now 
needed in the war effort and therefore 
strategically important, and that wouhl 
make possible more efficient factory 
handling. 

Mr. Elliott found that existing pack- 
ing methods required the use of 210 
separate pieces of packing material per 
1000 tubes. Improvised handling meth- 
ods were used in the factory where 
tubes travel from one assembly opera- 


HOW TO GET THE MOST 
OUT OF YOUR LATHES 

No. 3 in a tnrint of suggosfiont mcnlo by fho South Bond 
Latho WoHc$ in the intereit of morn offieiont production 



Keep Your 

Lathes Level 

The leveling of a lathe can 
either perpetuate or destroy 
the best craftsmanship of the 
machine tool builder. A lathe 
that is not level cannot turn 
out precision work. Any 
twisting of the lathe bed will 
throw the headstock, tail- 
stock and carriage out of 
alignment. This will cause 
the lathe to turn a taper in- 
stead of taking a straight cut. 

Chock Lovoling Froquontly 

The major cause of distor- 
tion in lathe beds is the settling of the 
floor supporting the lathe. There are 
other conditions which can also affect 
this. Therefore, check every lathe 
periodically to see that it is level. 

How to Lovol a Loth# 

The first requisite for accurate 
leveling is a precision level at least 12 
inches long. One that is sufficiently 
sensitive to show a distinct movement 
of the bubble when a . 003 " shim is 
placed under one end of it. 

The leveling of the lathe is tested 
by placing the level squarely across 
the lathe bed at both ends. Metal 
shims should be used under the lathe 
at the points indicated by the level as 
being low. After all adjustments have 
been made, bolt the lathe securely to 
the floor and repeat the tests to make 
sure that the lathe is still level. 


A reliable leveling test can be made 
by placing a short bar of 1" steel in 
the chuck and machining two collars 
of equal diameter 4 inches apart. 
Then, take a very light fini.shing cut 
across both collars. Measure both 
collars with a micrometer. If the col- 
lars are not the same diameter it is an 
indication that the lathe is not level. 
Adjust the leveling until both collars 
can be turned the same diameter. 

Write for Bulletin H 3 

Bulletin H 3 giving more detailed in- 
formation on the in.stallation and level- 
ing of lathes will be supplied on re- 
quest. Also, reprints of this and other’^ 
advertisements and bulletins in this 
series. State quantity wanted. 

•Ad. No. 1, “Keep Your Lathe Clean’* 

Bulletin HI, “Keep Your Lathe Clean** 

Ad. No. 2. "Oiling the Lathe’* 

Bulletin H2, “Oiling the Lathe** 



SOUTH BEND 

South Bond, Ind., U. $• A. 


LATHE WORKS 

iofho Buildoro for 36 Yoort 
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to duration living 

A home, a headquarters, a stopping-off place 
. . .The Waldorf-Astoria serves duration living 
needs eflBciently, economically... graciously. 
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tion to another. A packing box of 22 
parts, some of them no longer obtain- 
able, was used to store and ship glass 
tubes. 

When he had finished re-designing 
packing cases, Mr. Elliott found that 
iie had reduced the 210 pieces of pack- 
ing per 1000 tubes to 24 pieces. He 
discovered that a single one-piece, 
tray-like container, planned to hold the 
tubes safe within shipping cases, could 
also be used to save time in the various 
steps of the actual manufacturing 
processes themselves. 

Standardization of tube packages is 
vitally important in wartime for many 
reasons. Spare radio tubes can be made 
to fit into spaces designed for them by 
the builders of planes, tanks, mobile 
units, ships and other fighting equip- 
ment, and the tube packages will fit 
the spaces, no matter from which 
factory they originated. This is a vital 
consideration with United States fight- 
ing equipment in action in many parts 
of the world. 

In handling receiving tubes alone, 
savings of 30 percent in material were 
found to have been achieved by the 
new methods. Factory handling effi- 
ciency has been stepped up 20 percent, 
loss by breakage has been materially 
reduced, as has the need for storage 
space. It is now possible to pack 
647,500 tubes of a given type into a 
single boxcar, an increase of nearly 
100 percent in capacity 

BETTER CONCRETE 

Midi Pottimt By Niw 

Form Lining 

NEW product which makes con- 
crete several times more resistant to 
weather and abrasion in dams, forti- 
fications, and construction projects of 
all types was announced recently by 
Dr. W. A. Gibbons, Director of Devel- 
opment, United States Rubber Com- 
pany. The product is an absorptive 
lining for forms in which concrete is 
poured and is known as Hydron. By 
removing water and air bubbles from 
the surface of concrete, Hydron pro- 
duces a concrete that will last longer 
and will have a smoother and more 
pleasing finish without brushing or 
scraping. 

In one test, samples of concrete were 
held within two inches of an air blast 
delivering sharp steel grit at twenty 
pounds air pressure, Dr. Gibbons 
stated With concrete cast against ordi- 
nary wood forms the blast dug a hole 
one quarter inch deep in one minute. 
With concrete cast against Hydron 
the particles bounced off the case- 
hardened surface leaving a barely per- 
ceptible mark. 

In weathering tests where samples 
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were repeatedly frozen and thawed, 
baniples of concrete cast against Ily- 
dron withstood four times as many 
cycles as samples cast against wood 
Hydron form linings consist of an 
absorptive material faced with a fabric 
and are easily applied to the concrete 
forms by stapling. After the concrete 


IMMEDIATE DELIVERY 
LATUT TYPE INDUSTRIAL A LASORATORY EQUIPMENT 


aRONZE QIAR AND 
aiNTRIFUQAL PUMPS 
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Absorptive lining improves concrete 

has been cast the forms are removed 
and the fabric is easily peeled from the 
concrete, leaving a smooth surface that 
needs no blushing, sciaping, oi other 
refinishing operation 

OIL EXPLORATION 
Methods Adopted for 
War Purposes 

Sound ranging to locate enemy artil- 
lery, listening devices to warn of the 
approach of aircraft and submarines, 
depth -sounding to determine the po- 
sition of underwatci objects, demoli- 
tions of land and sea mines by radio or 
acoustical impulses, position finding 
and navigating, terrain clearance de- 
termination for planes — these are only 
a few of the war time applications 
of the science which has been so suc- 
cessful in finding oil fields. 

Oil men, accustomed to think of geo- 
physics as a specialized branch of oil 
exploration only, may be astonished 
to learn that this many-faceted science 
has dozens of uses in war. 

Geophysics to the oil man is the 
science of mapping the dips and curves 
of geological formations many thous- 
ands of feet underground by the reflec- 
tion or refraction of echoes from man- 
made earthquakes, by magnetic read- 
ings, electrical well logging, and many 
other means. Actually, the science of 
geophysics is one of the broadest, and 
concerns all of the physical phenomena 
in, and the transmission of energy 
through, the earth, the water and the 
air. 

Meteorology is a branch of geo- 
physics. So is radio. Both have their 
manifold added values in war time. 
But even the special tools of the ex- 
ploration geophysicist, who in * peace 
time searches out oil fields, assume ex- 
tra importance in war. 


Ideal spraying outfit lor all liquids such as palnfs. 
enamels, etc Can also be used for cleaning, tire 
inflating, and general purposes Equipped with 
General Electric ‘4 HP a c motor Quincy air 
compressor, adjustable safety valve, and 100 lb 
air gauge A heavy duty Plummer spray gun with 
IS feet of hose Weighs only 60 tbs 

Complete and ready for op eration 

Synchronous Motors 

New Emerson 100th H P . 000 R P M 110 voJI 
60 cycle hollow 25/33 shaft vertical or hortsoniul 
mount, no ba aa Has many a ppllnatlon^ $7 SO 

Qinornl Eltotrio Immorslon Hoofort 


suitable tor neattng liquids tanks, kettles, etc 
(1 KW raises temperature 100* F 3 gallons per 
hour ) Fitted lor Iron pipe thread Can 
be used as 110. 230 volt or 3 heat 110 volt 
600 Watt 17 60 ISOO Watt ... $10 60 

760 “ 7.60 aooo •• 12.60 

3000 Watt $16.00 




“BUSH** CONDENSERS 
TINNED COPPER 

Designed for refrigeration 
and air conditioning Has 
many other use^ High 
heat transfer capacity 
and great efllclency 

Blzee 8'^ X 10>^ $5 SO each 

Single Coil, double fln 

Sizes 10% X 11 >'4 $6 50 " 

Double Coil 

Llouted number of larger sizes on hand 


Small Piston Type Air Pump 






Can be used lor 
i all purposes where 
] low pressure air Is 
required Suitable 
for aquariums 
Takes cnie of 6 
to 8 tanks Piston 
type, all bras*} 
cylinder Belt 
dilven Tlnlversal 
AC - DC motor 
Mounted on neat 
o«k base Com- 
. Plata. $7 95 


ROTARY PUMPS FOR VACUUM AND AIR 


Especially designed for 
laboratories. jewelers 

dentists, doctors, hos- 
pitals etc AKo for 
small gas furnaces 

No 2 max pressure 
10 1b $13 85 

Complete with heavy 
duty AC 110 volt 
motor $39 50 


HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty 54 
H.P. motor, air tank (300 lbs. test— 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. prcwssure. Displace- 
ment 1.7 cu. ft, per mm. 

Modfli D H G ^4 

12" » 24^* tank A C 110 or 220 v 60 cycle 

$57 50 

16" * 30" tank A C. 110 or 220 v 60 cycle 

$64 50 

Laroe stock of air compressors, 1/4 H P. to 20 
HP AC. and DC. all voltages. 1 to 120 
C.r.M. displacement, built for all requirements 
Additional data on request. 


FORDED DRAFT BLOWERS COMPLETE WITH MOTOR 


H.P 

R.PM 

OU FT MIN 

INLET 

OUTLET 

PRICl 

1/30 

1750 

160 

W 

3%- 

133 00 

% 

1760 

380 

6%* 

3%- 

25 00 

1/6 

1750 

535 

6 * 

4%' 

30 00 


1760 

960 

7%' 

6 - 

37 50 

% 

1750 

1000 

9%* 

7 * 

75 00 


PRXOSS QUOTED ARK FOR AC 110 V 60 CYCLES ONLY 
OTHER VOLTAOB8 OK REQUEST 


PIONEER AIR COMPRESSOR CO., Inc. 

120-* CHAMSERS ST. NEW YORK CITY. N. Y. 
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IDIMN STIMU MTTIIIII 

OfeUs in •xMUtnt eondltlon. Oompltto wllli 
■oltttlon, eonnMtloM and trnyi. PrleM Mow oro 
•bout 10% of rogolnr ttorkot prteo. Avoroco Uf* 
ao yoon. Two-yonr iineondltlonAl Onnnntoo. 



Aap. Hn. 150 1 

Amp. Hri aas I 

Amp. Hn. sea I 

Amp Hrt. 300 1 


B-a(J-3) Amp Hrs. 

M-a Amp. Hrt. 

L-ao Amp. Bn 

L>«0 Amp. Hrs. 


37 Bo. 

11 Bn. 

13 Bo. 

ao Pr. 


N.00 

0.00 

7.00 

7.00 

1.10 

a.M 

a.io 


All colls l.a volts SMh 


Above prleoo oro per unit ooU. PUr 0 volt systsm 
5;T 5 Sltal^ la vt.^10 colls, no Mis. 

Note* On oil cells 70 ompo or loos on oddltlonol 
charge of 10% Is to be odded for troys. 


U. S. ARMY TELEGRAPH SET 

signal Corps telegraph key and sounder 
mounted on mahogany hoard. Oper- 
ates on I dry cells 15.96 


Ugkttag naali. S«« 

Osmollne Driven. 

**Deloo'’ 1000 wOtts, 

110 volt direct cur- 
ren t generator. Bin •> 
gle cylinder, 4 cycle 
air cooled 1% inch 
bore, i Inch stroke, 

1400 RPM, battery 
start ignition. 

Price $225.00 

Additional data on 
request. 

HIGH PRBQUBNCT QBNEBATOR8— AO 
4800 RPM, Ball Bearing. Self Bxclted. 

400 cycle 118 Volta 300 WatU 105.00 

600 cycle 116 Volts 250 Watts 00.00 

600 cycle 116 Volta 600 Watts 06.00 

600 cycle 116 Volts 200 Watts 05.00 

000 cycle no Volts 200 WatU 45.00 



HAND CLINOMETERS, PENDANT 

0. a Anny Bniineers, OeologisU, Burvey- 
lag, Map^O, etc. Magnifying Byepleoe. $3.50 

Prisms, Binoculars, Bausoh 4b Lomb, need, 
slightly chipped, 1 11/10 Inch long 
by % Inch wide $2.00 


Bunnell Resistance Box 1 to 10,000 ohms. 

A beautiful piece of laboratory or test 

apparatus. Complete with plugs 130.00 

Mew ^ R.P. 2-phase 60 cy. 320 v. 3460 

r p ro Westlnghouse 038.00 

Mew l>/4 H P 1-phase 60 cy. 110 or 320 v. 

3460 r.p.m. Diehl. Ball Bearing 155.00 

Motor generator, R A M 110 D. O. 3*.^ 

H.P.. 3 kw. 30 volt 80 amp I180.N 


TlANSMiniNO 

CONDENSERS 

MICA 

operating volU IS.- 
800, cap. 004. 
Dublller, new glO 80 
Dublller. used 18.08 
Wlreleee Bpeo new 
118.00 

Wireless Spec, used 
87.80 

OP. volU 8 800. cap 

17 8# 



MIGHIOME WISE 

In etock 

SIZES FROM #11 to .Ml 


U. S. Army Aircraft, 
eolld braes telegraph 
and radio transmit- 
ting key, large eon- 
tacts $2.95 


Slnrlt Strsk* EIttMo Btigt 

Edwards 12* bronse DOB Ohm Meeh. Wound 818.80 
Edwards 10* bronae DOB Ohm Meeh. Wound IB-OO 
Edwards 6* bronse DOB Ohm Meeh. Wound 18.80 
Bchwarae •* 100 Ohm 32 volt if,8t 



InBlnoore U. S. Army Preclelen Typo Tripods 
Keuffel A Eseer, precision type hardwood, 
43** long, I** diameter bronae platform with 
6/18" #18 threaded atud %" long. Hae 
brase tension adjusting ecrewa Lege 
reinforced with oaat bronae and steel 
tips. Weight 8 lb. 

Price $4.95 


Bills Tear Owa SaarakllgM 


U. S. Amy Parahalla Slrrar 
PfMlalu SaalHy 



Foiwl GIm. 

DIa. Length Thickneaa Piioe 
30 In. 13% In. 7/18 In. 75. 
68 In. 18% In. 7/18 In 126. 

Made by Bauech ft Lomb ft Par- 
aona. Perfectly ground and high 
ly polished. 


A fiw to li. tllgktiy Rttd Mitai 
mirrors on IubA $22E. bb. 


TUNGSTEN CONTACT DISCS 

1%* dla. — 1/16* thick Pure metallic tungsten 
contacts Machined and polished. 

$2.00 ea $3.00 per pair 



U. S. ARMY 
AIRCRAFT MICRO- 
PHORR 

Manufactured by Western Elec- 
tric. Breast type carbon micro- 
phone transmitter, noise proof, 
complete with cord, plug and 
breastplate. Exceptional 
value $2.95 


U. S. Army EnglnMrt Prltmotlo Compass 

Pocket type 360* Limited quantity $10.50 

HUTCHINSON PRISMATIC COMPASS 

8 In dla., braaa. black enameled, Im- 
proved pattern, with opening In top, 
floating jeweled dial. 3 In Each... $15.50 


iS D. C. !• D. i. 


24-780 volt. Qen. Blectrle 300 
mine 827 58 

34-1000 Oen Blec 1000 mills 

$ 88.88 


13-380 volt 80 mills 
13-780 volt 200 mills 

32- 380 volt 80 mills 

33- 300 volt 80 mills . 


811*88 


•8.M 

• H 

7.88 


“VmAw-ImT l•v•l■Hra CaiRtor 



aU 8%* long. 1V«' wide, and 1-8/18* nigh n»j 
merals Vs* high, nickel plated Special $7.50 


MOTOR GENERATORS 

120 d c , 110 or 230 a c., 500 cycles. 350 watt 

8125.00 to $175 88 

120 d c , 110 or 330 a.c., 600 cycle. 600 watt. 

8175.88 to 8250.88 

120 d c , 110 or 230 a.c., 600 cycle, 1 kw. 

8276.80 to 8326.88 

130 d c., 110 or 330 a c., 600 cycle, 3 kw. 

8880.88 to 8425.08 

120 d c., 110 or 230 a c., 600 cycle. 6 kw. 

8425.88 to 1558.88 
120 d C. to 400 d.C. 3 kw. . . . 8225.88 to 8275.08 
120 d c to 800 d c. 3 kw. . . . 8258.88 to 8325.88 


CONVERTERS 

*'Wappler X-Ray Co." 110 or 230 d c. Input— 76 or 
150 a c output 

% KVA .... 846.88 3 KVA .... 895.08 

1 KVA .... 886.88 5 KVA ....8n8.N 

1% KVA .... 876.M 


Radio Transmitting Key. large Mavy 6 K.W., 
back connected, splendid action. W heavy 
silver contacts 818.88 


U 8. Navy rotary spark gap. enclosed multiple 
electrode, nigh speed, can handle 10 kilowatt. 
Va H.P., 110 V. vertical motor (specify 
AC or DO) 875.W 


Telegraph and buster porUble seU, mahogany 

case, 3 tone 4 contact platinum point high fre- 
quency busser, 2 telephone toggle swltchee, po- 
tentiometer. sending key, 3 mfd condensers. 

transformer and 2 choke colls, receiver. ...818«8 8 

WebsUr %* spark ooU, llO volt, 60 cycle 30 
watts, with vibrator 86.8# 

Motors, Synchronous, 330 v. 60 eyclos 1800 

R.P M. %H P 838.88 

Motors, Synchronous, 230 v. 60 cycles 1800 R P M 

P 888.0# 

U. 8. N. double current generator. 460 volt at 
260 mills and 9 volts at 3 76 amp. Complete 
with Alter. May be used as dynamotor . . 888.88 
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Seismic (earthquake) phenomena are 
used to make foundation tests and 
locate construction materials for land 
fortifications, shelters, gun emplace- 
ments, harbor installations, and air 
bases, highways, railroads, bridges, 
canals, and tunnels Instruments mea- 
suring magnetic phenomena regularly 
arc sent out over artillery practice 
ranges to determine the location of 
buried shells and munition dumps. 

Oil and other mineral resources also 
take on augmented value in a national 
emergency, and accelerate the long- 
time application of geophysical ex- 
ploration methods in the search for 
them. Even water supply and control 
can he aided by electrical, seismic, and 
well-logging methods to find water- 
bearing strata, make contamination 
surveys, test water wells, and make 
surveys for irrigation, drainage, flood 
control, and power projects. 

Strategic and critical minerals such 
as aluminum, antimony, chrome, man- 
ganese, mercury, nickel, tin, and tung- 
sten also can be sometimes located by 
geophysical methods, but exploration 
is much more difficult as a rule than 
in searching for potential oil bearing 
structures. 

CONDUIT 

Has Plastic Covsrini to 
Replaoa Rubbtr 

F OR use in planes, tanks, and boats to 
protect electric wiring from gasoline 
and oil, there has been developed a 
plastic-covercd metal conduit which not 
only is replacing rubber for such 
service but is adding an advantage of 
weight reduction. 

The plastic skin over the flexible 
metal conduit in Amor flex, as the new 
product is called, protects not only 
the conduit itself, but also the wires 
inside against wear, abrasion, heat, 
and most solvents. 

This new plastic-covered conduit is 
available in types which do not become 
brittle at sub-zero temperatures and 
which have high dielectric and high 
tensile strengths. 

TRANSPARENT CLOCK 
Has Glass DIali Hands 
Appear to Float 

T HE HANDS of the clock shown in one 
of our illustrations seem to float mys- 
teriously in mid-air; their means of 
support is not apparent. The hands 
are mounted on two separate glass 
disks framed in metal rings, on the 
outer edges of which are teeth that 
engage with rotating gears hidden 
within the base of the clock. In front 
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of and behind the rotating glass disks 
are two other glass circles, the front 
one of which carries the hour gradua- 
tions. 

Clocks of this sort, made by Etalage 
Reclame Corporation, can be used as 
date reminders, by placing a suitably 
marked white card against the back, 



As through a clock, clearly 


or as timing devices in conjunction 
with photoelectric cells For the latter 
purpose, paits of the lotating glass 
disks can be blacked f)ut as necessary 
to achieve the tuning etYect desiied 


• • • 

WOODPECKERS — Fence posts treated with 
zinc chloride not only outlost untreated 
posts from three to ten times, protecting 
them from premoture decoy and termite 
ottock, but seem to discourage woodpeckers 
os well. In recent experiments ot Clemson 
College, South Carolina, several untreated 

posts showed considerable domoge by wood’ 
packers, while treated posts did not. 

• • • 


P. N. Annand, Chief of the Bureau of 
Entomology and Plant Quarantine, 
U. S. Department of Agriculture, said 
in an address prepared for the Second 
Inter-American Conference of Agricul- 
ture recently held in Mexico City. 
Because of this fact, he said, pests na- 
tive to one country have often be- 
come serious problems in widely sep- 
arated nations 

Dr. Annand cited the series of in- 
sects introduced from abroad to the 
countries of the Western Hemisphere. 
A coordinated effort can do much to 
control these pests, he said, mentioning 
the cotton leaf worm which lives con- 
tinuously in the American tropics and 
annually moves northward and south- 
ward into the temperate zones to seri- 
ously damage cotton 

He also commented on the rapid 
developments in the co-operation be- 
tween the Americas and commended 
the co-opeiation between the United 
States and Mexico as exemplified by 
the establishment of a laboratory in 
Mexico C ity to study fruitflies Gov- 
ernment co-operation between Mexico 
and this country on the control of 
Pink Holl-worni started in 1927 and 
has continued and grown to the present 
date 

Dr Annand pointed out that there 
are piohably more than six million 
kinds ot insects in the world, and 13 of 
these in five or more American Re- 
publics annually cost the people over 
$6,000,000 This is but a fraction of 
the total cost of insects, as in the 
United States alone insect damage 
and control costs over $2,0(X),00(),000 
aiiiuially International surveys in lo- 
cating important pests would he of 
gicat \alue. ho said 


BLACK COSMETIC 
With Good Adhosion, 

For Commandos 

Activities of Commando troops dur- 
ing night raids have prompted <i Ri i- 
tish trade journal to suggest that the 
cosmetic industiy might find a new 
outlet for its products through the 
development of a black face cream for 
Use by these troops. 

Such a cream, it is pointed out, 
should be easily applied and non-irri- 
tating It must he capable of application 
to the eyelids without harmful effects, 
and must stay on the skin in the pres- 
ence of excossi\c perspiration 

insect pests 

Do Damage Running 
Into Billions 

N^an-maue barriers aie no barriers 
to insects and political boundary lines 
arc easily crossed by crop pests, Dr. 


Di \imand expressed the hope that 
tlio C onference in Mexico City might 
he the forerunner of a senes of Pan- 
\mcrican conferences that would do 
much to solve the common problems of 
all .\mei ican entomologists. 

HIGHWAY RULES 
Safety Depends on Proper 
Use of the Eyes 

Bfxausl more than 90 percent of the 
judgments and actions of automobile 
drivers are guided by their eyes, the 
Better Vision Institute sets down the 
following 10 rules for highway safety: 

1. Keep the windshield clean. A 
dirty windshield will cut down vision 
50 per cent, or more. 

2 Keep your eyes on the road. A 
car traveling 40 miles an hour goes 
nearly 60 feet in a second. 

3. Wear glasses if necessary. If 
your eyes were good 20 years ago 
when you first took out a driver's 
license, don't take it for granted that 
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—SO — we'll never know how many people 
have been killed — driving at a hign rate of 
speed — with one hand off the wheel and their 
eyes oflf the road-TUNING RADIO! 
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THIS HAZARD IS 
ELIIVIINATED WHEN- 


your car is equipped with Zenith Foot Control Car 
Radio . . . you tune your radio with both hands on 
the wheel and both eyes on the road— a revoluuon- 
ary and sensanonal contribution to safety. You 
change stations with a pressure of your left foot — 
you Silence radio for conversation or danger the 
same way— and it resumes without a wait for warm-up. 


ONLY ZENITH HAS THIS 

SAFETY 

FOOT CONTROL RADIO 


See the Zenith Foot Control Radio on Fords (sold 
in 1940-41-42)— Nash (in 1940-41-42 )— Mercury 
(in 1940-41-42 )—Ljncolo Zephyr (in 1940-41-42) 
—Hudson (in 1941-42) — WilTys (in 1941-42). 

Any owner of one of the above cars will gladly 
demonstrate. Your inspection will be a personal 
pre-view of post-war car radio— danger-free radio 
—really safe — radio. 


Zenith 8 lendenihtp in the radio Industry has been 
establiiilied by a con«tatil acliicvement of “firnts '* 
Repeatedly, ideaa ‘ brand new” when Zenith "first” 
introduced them. Inter becameesnentiala on all radios 
And tiiut 8.inic “forward thinking” of englnceis and 
factory and organization now concentrates on w ir 
production of the thing we know — radio— exclusively 
radio We are procresaing — we learn every day — and 
this new experience will inevitably reflect itself when 
Zenith again produces for peace. 


— « ZoniHi RcmUo Doolor tioor you It giving roll- 
obi* ■•rvic* m allradiot— i«sardlM( of mede*. 

ZENITH RADIO CORPORAUON-CHICAGO 
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The Morse Decimalizer 



The DECIMALIZER ehowe In a few elmple 
manipulations just where to place the decimal 
point In the result of any computation involving 
several elements, part or all of which may be 
decimals • for example, in such a problem as 
(9 X 0432 X 74 1 X 3 8) ~ (245 x 0093 x 36) 
The DECIMALIZER removes that ‘‘decimal point 
hazard" inherent in computations made with the 
slide rule or otherwise 

Pocket size, durable (stainless steel); exceed* 
Ingly smooth in action Furnished in leather 
case, with complete directions for using. Price 
$2, postpaid, with extra, easily Interchangeable 
scale which enables the Instrument to perform 
extended multiplication and division, 60 cents 
additional Money back, If returned within 10 
days 

OfiORGK H. MOK8K 
937 — 28tli Street South ArllnEton, Vii. 


COMPLETE HOME- 
STUDY COURSES 

and self-instruction 
books , slightly 
used Sold, rented, 
exchanged. All sub 
jeets Satisfaction 
guaranteed. Cash 
paid for used courses. Full details and 84 -page 
illustrated bargain catalog FWLK Wiitc today. 
NELSON COMPANY 
500 Sharmon, Oapt. A243, Chlcogo 


SMITH 6 l wesson 

(Rauolv&Adu 

S P P I N C F I E L D M *x S 5 , 


MAKE YOUR OWN 
TELESCOPE 

at a coat of leas 
than $25. 

working from Inoxponslvo, 
propared kits of glass, abra* 
sivos, and pitch, and by fol- 
lowing tho practical dotallad 
Instructions In 

"AMATEUR 
TELESCOPE MAKING" 

Thb beginner't book, from ivhich 
more than 25,000 lelrMcopea have 
been made by amateurs, gives ele- 
mentary information on how to plan 
and build the mounting, how to 
grind, polish, and accurately shape 
the essential glass parts by hand. 
All necessary data are presented in 
easily understandable form. 

Over 500 pogts Profusely Ulustfat§d 

$4.00 postoald, domostic 
$4.35 foroign 

SCIENTIFIC AMERICAN 

24 Wst! Itlll Stisst, Ntw York, N. Y. 


they arc as sharp as ever. You wouldn’t 
run a car for years without a tune-up, 
or checking up on the brakes. 

4. If you have driven a long dis- 
tance and are tired, don’t take a drink 
of alcoholic li(|uor to “brace you up” 
to finish the trip. When you are tired, 
liquor may quickly make you wobbly- 
eyed and blunt your sight. 

5. Don't drive fast at night after 
leaving a brightly lighted room. It 
takes the eyes 10 or 15 minutes to be- 
come accustomed to night driving 

6. Dim your headlights at night 
when passing another car, and drive 
slowly after passing, for your car 
travels a considerable distance while 
your eyes are recovering from the 
glate of headliglits 

7 If you have e\es that see well 
only at 30 miles an hour, don't diive 
faster Know your visual capacities 

8. I here arc moie accidents during 
twilight than other periods of the day 
For most eyes seeing conditions are 
difficult (luring twilight and extra cau- 
tion should 1)0 exeicised 

Know yout own cNcsiglii linnla 
tioiis If you have a dominant right eye 
that does most (jf yom seeing, the left 
inudguaid may easily lie sideswiped If 
>ou ha\e poor side vision, which is 
not uncommon, you may not see a car 
approaching an intersection hefote it 
is upon you 

10. If you are hlmded by head- 
lights in night driving, don’t wear 
sunglasses to cut down the glare, for 
they also reduce youi vision and may 
make you almost as “blind at a bat ” 

• • • 

COLORS — Militory florcs, rockets, troccr 

bullets, and so on, owe their bright crimson 
color to strontium which comes from celestite, 
mined in the United States ond to some 
extent in Mexico. 

• • • 

TEXTILE OUTPUT 
Sals New Raoorii, Will 
Continue to Ineroato 

Thf cotton textile industry of this 

conntiy produced in 1941 more than 
lOjA billion linear yards of cotton 

fabrics, surpassing all pievious rec- 
01 ds, according to a survey made by 
WPB and OPA to obtain data for 
planning the Government’s war textile 
program. 

F.ven though the 1941 production 
repre.seiited a 25 percent increase over 
1939 production, 1942 production will 
be even larger than that of 1941. WPB 
found it necessary, in view of stead- 
ily increasing military and civilian re- 
quirements, to plan for an estimated 12 
billion linear yard output in 1942. 

The reason for increasing military 
requirements is. of course, the stead- 



ily increasing size of our armed forces, 
i'he reason for increasing civilian re- 
quirements is the fact that cotton tex- 
tiles are being called on to replace in 
civilian products the silk, nylon, and 
wool fabrics now being diverted to the 
armed services, and the further fact 
that a substantial part of textile pro- 
duction is being diverted to the manu- 
facture of bagging and twine which 
were formerly supplied by burlap and 
imported cordage fibers 

WATER LIGHT 
Of New TypR, Contributes 
to Lifo-SavinK at Sta 

J\dded protection for crews of coast 
guard and merchant marine vessels in- 
volved in submarine attacks is af- 
forded by a new plastic-housed electric 



it lights when cost adrift 


water light attached to life preservers 
and life rafts LIpon hitting the water, 
a weighted base turns the light up- 
right, automatically illuminating it 
The light will burn conlimially for 10 
hours or longer, indicating to rescue 
craft the position of drifting seamen 

Use of “Fucite” methyl methacrylate 
plastic Ins reduced the weight to one- 
fifth that of the usual water light. The 
housing weighs about 19 ounces, the 
entire light just over three pounds. 

The tough plastic is water resistant, 
protecting the lamp and battery. 

SPATTER PROOFING 
Used in Are Waldinf to 
Spood Up Work 

KLDiNF, Spatter is prevented from 
adhering to metal surfaces if those 
surfaces are coated with a new mate- 
rial developed by Acme White Lead 
and Color Company. This material, 
which can be applied by brush, spray, 
or by wiping, conducts electricity, and, 
it is claimed, helps to prevent the arc 
from breaking. After welding is fin- 
ished, the surface coating is removed 
by wiping, leaving the welded part 
ready for paint or other processes. 
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ARE YOU A "HANDY-MAN ? 


SCIENCE IN INDUSTRY 


Industrial Growth 

New Products and Processes That Reflect Applications 
of Research to Industrial Production 


SURFACE FLAWS 
Disclosed by Now Liquid 
and Ultra-Violot Light 

F OR the detection of surface defects in 
non-magnetic materials, a new fluor- 
escent lujuid has been developed. This 
liquid, which is used to cover the 
surface to be examined, glows under 
the influence of ultra-violet light to 
indicate the position and character of 
defects extending inward from the 
surface, d'he liquid, developed by 
Magnaflux Corporation, discloses flaws 
that are relatively deep compared with 
their width, and the indication can be 
interpreted as to type and extent 
Scratche.s and minor surface irregu- 
larities are not shown. 

PROTECTION 

Fsr Polishsd Surfacss Affordad 
by Rsmovabls Film 

Ai’i'LiED by spray, brush, dip, or 
roller, a new material is available for 
protecting polished metal surfaces and 
ceramic parts. The material, produced 
by Ault and Wiborg Corporation, 
dries to a flexible, transparent film 
in from six to eight minutes at 200 de- 
grees, Fahrenheit. Thus, coated parts 
can be inspected yet the film can easily 
be removed when necessary by peeling 
or blowing olf with an air valve after 
one corner has been loosened 1'he re- 
moved material can be reused after it 
is again reduced to liquid form. 

HEAT TREATING 
Copper Plating is Restricted, 
is Easily Removed 

In the heat treating of steel parts it 
is ofien desired to harden local areas 
while other areas remain soft This 
selective hardening is accurately con- 
trolled by copper plating and thus pro- 
tecting those parts which are to re- 
main soft. 

To expedite such work the Michigan 
Chronic & Chemical Company has re- 
cently announced a lacquer which is to 
be applied to those i>arts of a steel piece 
that are to be hardened. Following 
the plating operation, during which 
no copper is deposited on the lacquered 


areas, the lacquer is removed and the 
heat treatment carried through Thus 
It becomes unnecessary, as is done 
when the lacquer is not used, to grind 
the copper plate from areas that are to 
he hardened. 

Another material, developed hy 
Sulphur Products Company, is used in 
the same type of work. This chemical 
IS designed for rapid removal of cop- 
per plating from the masked parts 
after the hardening operation has been 
completed 'i'he plated part is merely 
immeised in a w'ater solution of the 
chemical and then dipped into a solu- 
tion of sodium cyanide riie copper 
jilatiiig, it is stated, is thus lenioved 
without injury to the plate. 

FLEXIBLE HEAT 
Providsd by Glass* 

Insulitad Units 

^^VAiLAUi E in any length, hy the inch, 
foot, or yard, a low-power flexible 
heating element now finds many uses 
paiticularly in limited space Knowm 
as the (ilasohm, and also used as a 
flexible power resistor, this is a prod- 
uct of Clarostat Mfg Co , Inc 

In the (ilasohm construction the re- 
sistance wire is wound on a fiber-glass 
core and is protected hy a fihci -glass 
liraided covering The unit can be 
readily bent and compacted to fit snug- 
ly «il)()ut Darts to he heated, or jammed 
into tight spots, in either case provid- 
ing an eflicient heating means Watt- 
age ratings are from 1 to 4 watts per 
body inch de])ending on the application, 
and opeiating teiiipei atures aie up to 
750" l\ahrenheil 

(ilasohm heating elements aie now 



Heat by the inch, foot, or yard 


PATENT YOUR IDEA Write ImmedlaUly for two 
free books, ‘'Patent Protection" and "When and 
How to Sell an Invention" Pully explain many 
Interesting points to Inventors and illustrate impor- 
tant mechanical principles With books we also send 
"Evidence of Invention'^ form Prompt service, reason- 
able fees, forty-flve years’ experience Avoid risk of 
delay Address Victor J Evans A Oo . Registered 
Patent Atterneye, 7M-A Merlin Buildl^, Washing- 
ton. D. 0 
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Drafting — Engineering — Mechanics — Supervisors 
TRIO UNRAVELLED Eliminates doubt, complica- 
tions. formula errors. RATIOS- in -position One 
multiplication or division solves unknown length 
Sight, Draw, Check Field, OfBoe, Shop Compact. 
Durable, Flexible, not celluloid. Postpaid $1 50 Re- 
fund Guaranteed. 

Trigescope Instrument Co., Dept. SA 

614 5tb Ave , Coraopolls, Pa. 


When yon write to 
advertisers 

• The Editor will appreciate 
it if you will mention that 

SCIENTIFIC 
it in AMERICAN 



IND DAMP AIR 
WITH “DRI AIR" 


New DRI-AIR Powder draws 
excess moisture from air in 
damp basements PROTECTS 
TOOLS and machinery against 
RUST, mold, mildew Unit and 
10 lbs. DRI-AIR Powder. |5 50 
fob Chicago Order Newt 
DEALERS WRITE! 

TAMMS SILICA CO. 

228 LaSalle St.. Chicago. Dl. 


MATHEMATKS MADE PLAIN 


f»r til, pwtliol wan 

This complete stuHy and prac- 
tue course presents the kind of 
mathematics needed hv tlie man 
who wants something that he can 
apply to the everv-dav prohlems of 
hU iub It bnnps Inm a clear, 
simple, and usuahle knowledge of 
the essentials of the subject — a 
fctep-by’Stpp treatment of mathe- 
matics without needlessly in\olvcd 
explanations and methods. 

• oovers arithmetic, 
geometry, algobra, and 
trigonometry in one 
convenient volume. 

• shows practlral uses 
of mathematics — ex- 
plains fundamentals 
and methods that sim- 
plify and shorten work 



(Ot4ru' now rtvU04 
(7M(/ cnlaftn'd 

Palmer and Bibb’s 


• easy to study, writ- 
ten In simple terms; 
handily groups related 
Instructions, examples, 
solutions, and practice 
problems. 

Nowadays the mpn with 
a knowledge of practi- 
cal mathematics has 
the edge In the trades, 
machine shop, drafting 
room, in the armed 
forces. In factory pro- 
duction and inspection, 
etc Improve your 
chances this quick, easy 
way, with this tested 
book that thousands of 
men have used with 
success. 


PRACTICAL 
MATHEMATICS 
FOR HOME STUDY 

3rd Edition, 696 pages 
Makes mathematics 
YOURS, with more than 

3,500 

drill exercises and 
problems and answeis 

only $4.00 


FREE TRIAL-SEN 0 NO M0NEY--JUST MAIL COUPON 
McGraw-Hill Book Co . 330 W 42ad St . N Y C 
Send me Palmer and Bibb’s Practical Mathematics 
for Home Study for 10 days’ examination on ap- 
proval In 10 days I will send $4 00 plus few cent^ 
postage, or return book postpaid. (Postage paid on 
cash orders ) 


Name 

Address 

Olty and State 
Position 


Company 
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15,000 
FORMULAS 
0 0 • 

1077 
PAGES 
• • • 

IN 

HOPKINS* 
'^CYCLOPEDIA 
OF FORMULAS’* 

7'bousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material; many 
spare-and full-time businesses have 
been built up on one or more of its 
formulas; home workshop hobbyists 
constantly find ne wthoughts in its 
pages. 

Wincf and liquors, inks, dyes, pol- 
ishes, paints and varnishes, adhe- 
sives, cosmetics and antiseptics are 
only a few of the sections of this 
all-inclusive book, 

^5.50 postpaid (Domestic) 

Ortfir Frem 

S6IENTIFI0 AMEIIICAII 
24 Wilt 40th StrNt, Ntw York, N. Y. 


Owners of 

"AMATEUR TELESCOPE MAKINQ” 

who have been bitten deeply by the 
hobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby in the companion 
volume 

“AMATEURTEUSCOPE 

MAKING-ADVANCED” 

This is a toholly different book 
from Amateur Telescope Making.^ 

/>(u/c.c 359 illustrations 

Ch>er 300,000 words 

$5.00 postpaid, domestic 
$5,35 foreign 

SCIENTIFIC AMERICAN 

24 West 40th St., New York, N. Y, 


SCIENCE IN INDUSTRY 


found in electric soldering irons, elec- 
tric pencils, curling irons, water im- 
mersion heaters, and other low-power 
appliances. Also in temperature-con- 
trol ovens for oscillating radio crystals, 
the heating of aviation and marine in- 
struments, localized heat for chemical 
apparatus and laboratory etiihpment, 
and similar applications. 

METAL ETCHER 
Hat WItfa Ntat Eangt 
Far Variavt Utat 

F OR permanently marking tools, parts, 
and so on, made of iron, steel, or their 
alloys, the new electric etcher shown 



Farmontfit morkina, by itching 


in one of our illustrations has been 
developed by the Ideal Commutator 
Dresser Company. 

This etcher, provided with 14 etch- 
ing heats, is equipped with a work 
plate and a ground clamp Small tools 
and parts arc etched by placing them 
on the work plate; the ground clamp 
is used for making connection to large 
heavy parts and castings 

OANTRY CRANE 
la Egaippad With 
Swlval Oistars 

CRANE that can be used on any 
firm, level floor, which is not restricted 


by tracks or overhead runways, and 
which can be moved from one location 
to another, has recently been made 
available by the Service Caster & 
Truck Company. This crane, shown in 
one of our illustrations, is available in 
sizes from 500 pounds to 20,(K)0 
pounds, each of which is equipped with 
eight casters furnished with floor locks 
Such a crane can be built in any rea* 
sonable height and may he used as a 
truck after lifting the load off the 
floor. The flexibility of operation pro- 
vided by the casters makes the cranes 
adaptable to many shop and industrial 
purposes 

BABBITT 
Bearings Have New 
Low Tin Content 

NEW low-tin babbitt has been de- 
veloped for general application under 
many normal operating conditions and 
in cases where fitting and lubrication 
will he carefully w^atched This bearing 
material, known as Rex, and manu- 
factured by the National Bearing 
Metals ('orporation, has a compressive 
strength of 17,500 pounds per square 
inch and pours at 625 to 675 degrees, 
J'^ahrenheit. 

FLOOR PROBLEMS 
Solved by Use of OH- 
Abeorblng Material 

surfaces, always a hazard in 
shops, can he completely eliminated by 
the use of a newly developed material 
whicli replaces the more conventional 
sawdust and sand d'his new material, 
known as “(juick-Sil,” is absolutely 
fire proof and will not ignite or sustain 
combustion “Quik-Sil” is used by 
spreading it on wet and oily surfaces, 
where it absorbs the oil and completely 
dries up the floor If the oily surface 
has become caked, a solvent is first 
applied and then the “Quik-Sif’ spread 
over to absorb the solvent and oil at 
the same time 



Flaxibta ogaiwtioa it Hit kaynofa of Hiit new crone for induitriol use 
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GLUE EXTENDER 
Mineral Gives Advantages 
To Adhesives 

^^DDED to glue in proportions up to as 
high as 25 percent, a new pulverized 
mineral material known as Micromite 
Cdue Extender, increases ihe body of 
the adhesive and allows it to flow 
freely. It is supplied in 50 pound pack- 
ages by the manufacturer, the Tamms 
Silica Company. 

SPINDLE 

Covered With Steei Wool, 

Removes Burrs 

wool, an abrasive material ordi- 
narily considered only for use in hand 
operations, can now be used on a spin- 
dle for high-speed production opera- 
tions in the removal of burrs from non- 



Powered burr remover 


ferrous metals. Such work is made 
possible by the use of “ribbon” type 
steel wool which is wrapped around 
a small shaft and the completed spin- 
dle mounted in a chuck. These spin- 
dles, made by the American Steel Wool 
Manufacturing Company, Inc., make it 
possible, it is claimed, to clear burrs 
from three sides and two edges in 
one operation. Also, when the spindle 
is in use, it is said to make no per- 
manent grooves 

RESISTANT PAINT 

Usud in Pruttne# of Aoids, 

Alkalitt, Salto 

Designed to replace chlorinated rub- 
ber paints, now unavailable because of 
the rubber shortage, a new surface 
coating is obtainable which shows out- 
standing resistance toward acids, alka- 
lies, oxidizing agents, and salts. This 
new paint, for use in chemical indus- 
tries, pickling plants, textile mills, and 
so on, is composed of a combination of 


INDUSTRY 

domestic waxes. Known as Rust- 
ICeter 66, this coating dries as rapidly 
as the rubber paint which it replaces 
— that is, in less than one hour. 

The one point in which this new 
paint is inferior to rubber paints is in 
oil resistance; oils and greases will 
dissolve it rapidly 

PLASTIC MALLET 
Does Not Throw Sparks, 

Resists Wear 

T HE HEAD of a new non-metallic mal- 
let is made of a canvas-base laminated 
phenolic plastic material which is se- 
cured to a hickory handle by a lami- 
nated Hakelite wedge. Such a mallet 
head will not throw sparks under any 
conditions of use and hence can safely 
be employed in munition and shell- 
loading Dlants 

It is claimed that this mallet, made 
by the Penn Fibre & Specialty Com- 
pany, resists wear and docs not de- 
teriorate with age The face can easily 
be resurfaced on a grinding wheel. 

SOLDERING 

Spoolal Transformor Equipmont 
Is Usad With a Jig 

NE of the specific applications of 
the soldci ing c(|uipment shown in an 
accompanying photograph is to a mul- 
tiple-leaf condenser assembly which is 
set up in a specially designed jig 
When the cuirent is applied to the 
leaves thiough the jig, the complete 
soldering operation is finished in V/t 
to 2 seconds, under control by a foot 
switch Ry ordinary methods the 
leaves were soldered individually. 

Similar complicated soldering jobs 
can be accomplished with this trans- 


Compiicated 

industrial 

soldering 

jobs 

can read- 
ily be 

accomplished 
with this 
new 

transformer 



former setup, which is furnished with a 
ten-step heating adjustment, by cor- 
rect design of the jig for the work to 
be handled. The American Car and 
Foundry Company, manufacturers of 
the equipment, also co-operate on prob- 
lems concerning jigs to be used for 
various purposes. 


ALNICO 
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I" » H" X i/u" p B n c * *** 

iw X %“ X w' s It n ii 1 f«, $ij* 

lIFnRi - $2.00 - $S OO - $4.00 

BLAN, 64.V6, Dcy St.. New York 


BUY more WAR BONDS ! 


MECHANICS. MACHINE 
DESIGNERS, INVENTORS 

should have at their fingertips 

THE ENGINEER’S SKETCH-BOOK 
OF MECHANICAL MOVEMENTS 

By Thomas W. Barber 
Not a treatise on machine design, 
nor an instruction book on construc- 
tion, but an imposing omnium 
gatherum of classified drawings in 
truly astonishing number and vari- 
ety (2987 of them) of basic elements 
of mechanical and structural com- 
position from which to select the 
various details required to build up 
a given piece of mechanism. It has 
had a long and wide sale. 

^4.45 postpaid 

Ordir From SCIENTIFIC AMERICAN 
24 Wilt doth Strut, Now York, N. Y. 



••Rooord of InvenUon*' farm and complete Instructions 
for making legal disclosure of invention and 
establUhlng date We also send 48 page free Book 
’’Patent Guide for the Inventor” telling importance 
of prompt action, how to sell and market your 
Invention, how to make Application for Patent, 
examples of Successful inventions Also deUUs 
of how a Patent protects you, our reasonable 
charges for preparing applications Including official 
drawings and technical specifications, cot^dentlal 
search service to be reasonably certain Invention 
is patentable, prompt service, strict secrecy; plan 
for you to pav In small payments as application 
progresses, other facts you want to know about 
Patent Protection Mall coupon for Free ’’Patent 
^ ’’Guide" and "Record of Invention" form toda^ . 



I Please send me your 48-page "Patent Guide" | 
• and your spoclalW prepared "Record of Inven- : 
I tlon" form FREE This request does not obli- | 


gate me 


Address 


I City 

L...- 


SUte . 

(Please writs or print plainly) 
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AVIATION 

The Thunderbolt in Action 

Why This Fine Plane is Rightly Called the Fastest 
and Most Powerful High>Altitude Fighter of the Day 



Experimental and Model Work 

Pine Inatrumenta and Pino ifaehlDorj 
Inventlona Develonef* 

Rpeolal Toola, Dlea. Gear Outtlng, Bto. 

HENRY ZUHR, Inc. 187 Lofoyette St.. N Y. C 


When yon irrite to 
advertliiers 

• The Editor will appreciate 
it if you will mention that 

law SCIENTIFIC 
it in AMERICAN 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identification 

It now in ufc by moft 
of the Police Departmentf in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

‘THE FINGER PRINT 
INSTRUCTOR” 

(n this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel deportments 
and by the F.B.L 

^4.25 postpaid 
New 1942 Printing 

Ordtr From SCIENTIFIC AMEIICAN 
14 Wiit 40tli Stroot, Now York, N. Y. 


ALEXANDER KLEMIN 

Aviation Editor. SciantiRc American. 
Rataorck Profastor. Donlal Ougganhaim 
School of Aarenoutlcs. Naw York Univartity 

W E HAVE only the highest com- 
mendation for the report on 
our combat airplanes which was re- 
cently issued by the Office of War In- 
formation. Since the time when the 
subject of the quality of our fighting 
aircraft became controversial, a num- 
ber of government announcements or 
reports have appeared, but none have 
been so objective, so accurate, and so 
dispassionate as the report of O W.I. 
under the capable leadership of Elmer 
Davis. 

The Republic P-47 Thunderbolt 
comes under the head of supporting 
evidence Powered by a Pratt & Whit- 
ney 2000-horsepower engine, equipped 
with a multi-stage turbo-superchargcr, 
heavily armed and armored, the Thun- 
derbolt has a good claim to be called 
the fastest and most powerful high- 
altitude fighter of the day. It is being 
put into production not only at the 
plant of Republic but also at the plant 
of one ot our other important airplane 
manufacturers. 

1 he photograph below shows the 
P-47 going through its paces for the 
benefit of a cameraman We note the 
all-plastics sliding canopy which gives 
the pilot excellent vision, the neat en- 
gine cowl which gives the impression 


that engine, cowl, and fuselage blend 
inperceptibly into one another ; the 
smooth, well filleted wing ; the ominous 
number of machine gun bores protrud- 
ing from the leading edge of the wing 
The design is attributed to Alexander 
Kartveli, a noted Georgian engineer. 

MATERIALS 
Airplant Parts ara Fartila 
Field for Subtflfufiont 

The usf of plywood in airplane con- 
struction as a substitute for aluminum 
alloys has often been discussed, hut this 
IS not the only example of material 
substitution L D Ponhain, of Lock- 
heed Aircraft C orporation, in a paper 
before the Society of Automotive En- 
ginecis, desciihcs wide and successful 
use of “non critical” materials in air- 
frame constiuclion and some of these 
substitutions have proved so satisfac* 
toiy that they are likely to remain 
after the end of the war. 

Alloying elements such as nickel, 
chromium, molybdenum, vanadium, 
and manganese are scaicc and difficult 
to obtain. Hence, in many sheet metal 
parts and in tubing, alloy sheets have 
been replaced by low carbon steel 
Stainless, corrosion- or heat-resistant 
steel has been displaced even in such 
essential elements as firewalls, ex- 
haust-shrouds, and ammunition boxes 
Such substitutions may mean added 



Supportiag evidenca of the accuracy of the recent O.W.I. report on the quality of our 
fighting nirplanti: the Thunderbolt, in mony woyi the best of our militory planet 
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weight but the added weiglit is fully 
justified except for important combat 
airplanes. 

While alloy sheets are being re- 
placed by low carbon steels, the con- 
servation of aluminum is being accom- 
plished bv the use of plywood, plastics, 
wood, and magnesium A great per- 
manent use of these latter materials 
may be expected. 'I'his is particularly 
true of magnesium, for whose produc- 
tion facilities have been enormously in- 
creased. In finishing materials, naph- 
tha and alcohols have displaced scarcer 
materials as thinners Rubber has been 
eliminated by the use of synthetic rub- 
ber, felt, and bound hair American 
industry, metallurgical and chemical, 
has risen to the occasion, and airplane 
designers have co-operated magnifi- 
cently. We can do just as much as the 
Germans in the matter of “Ersatz,” 
though we brag less about it. — A. K 


SOUND-PROOFINQ 
Nudod In Engina Tatting 
Liboratoriaa 

W ITH enormously powerful engines 
and their necessary propellers it is 
quite a problem to reduce the resulting 
noise. Engine laboratories must there- 
fore be enclosed in massive buildings 
which, by their bulk, prevent noise 
transmission. Also, both inlets and 
outlets to the test cell must embody 
sound-absorbing devices 

In one engine testing laboratory the 
test cell is equipped with sound-absorb- 
ing baffles of Fiberglas pads installed 
in the inlet stack Vertical stacks are 
about 40 feet high with a 20 -foot 
square opening Similar Fiberglas 
wool stacks are provided at the outlet. 

Fiberglas thermal insulating wool is 
glass in soft, flexible, fiber form. It 
seems to meet all the practical require- 
ments of this special use Among these 
are: high noise reduction or sound 
absorption coefficients ; ability to stand 



Quiet, pleose. Engines testing 


up under wind speeds of 100 miles per 
hour; resistance to gasoline and oil 
fumes ; fire proof , particles of acousti- 
cal materialvS, which might injure 
motors or test devices, cannot get into 
the air stream ; chemical inertness ; 
rapid draining and drying proper- 
ties. — A. K. 


FLIGHT RECORDER 
Takes Over Some Flight 
Engineer's Duties 

T HE heroism of the test pilot — how 
frequently he ri,sks his life, how he 
suffers temporary blindness when com- 
ing out of a steep dive, and the like — 
has been well recorded by the press. 



Flight test engineers undergo only 
some of these risks, but they have 
arduous duties which involve, among 
other things, taking by hand notes of 
engine and plane performance, and of 
speed, nressure, and temperature in 
many parts of the engine. In fact, 
with the complexity of the modern 
airplane, it has become almost impos- 
sible to take the neces.sary records fre- 
quently enough in a power dive or a 
steep climb. 

To meet this situation, the Brown 
Instrument Company has developed a 
new electronic instrument, a portable 
“flight-recorder” which was specifically 
designed for the Douglas B19, the 
world’s largest plane, and is an adapta- 
tion of a new type of self-balancing 
electronic potentiometer. When in 
service on the B19 it automatically 
prints on paper the temperatures of all 
72 cylinders of the four motors, the 
temperature of the carburetor, exhaust, 
and oil lines, and also the pressure 
distribution on wing-struts, bulkheads, 
and tail surfaces. Douglas Aircraft 
engineers have increased the recorder’s 
range by the use of a selector switch, 
which permits readings to be taken in 
six groups of 24 each. 

In spite of its complex service, the 
recorder is compact enough for use on 
a single seater pursuit where it is 
physically impossible to carry a group 
of test pilots. — A. K 


r-M ICROSCOPES-n 


We Still Hare Some! 

NEW — USED 
Spencer, Leltz, 

Bausch A Lomb, 

Zeiss and others 

Send for Descriptive Brochure. 


BnCROSCOPBS 
OVERHAULED 4 
BEPAIRED 


Harry Ross 


Sclentiflo A Laboratery 
Apparatus 

68-70 W. Broadway, N.T.O. 


For Scientific and Technical Boeka 
Try our BOOK DEPARTMENT 
SCIENTinC AMERICAN 



CARO AND PHOTO STEREO-MIRROR 

Even the beot 
photo graph 
give! but a Rat 
image of the 
subject it tries 
to reproduce. 
Looking at tha 
same photo 
with our device 
you forget tha photo, the original 
subject if there in front of you* 
What a difference! 

SENDING YOUR PHOTO WITH OUR 
DEVICE TO A LOVED ONE YOU ARB 
SURE TO APPEAR IN PERSON. 

Price #4.30 

NU-MIRROR COMPANY 

BRIDGEPORT, GONN. 



COUNTERS 
for Every Purpose 

MfCHANKAl-EUCTRICAl 

MANUAL 


VHDtt-ltOOT lK,f ItafriHi CmtHol 


ARMV-UVY BAMAIRS 


Leather belt S .75 Cart, belt I .6S 

Oun sllny .50 Rope lariat 75 

Short shovel ,65 Sword Bayonet 1.75 

Hobbles .50 Model cannon 7' .. 1.75 


75th Anniversary Catalog 1805-1940, 30$ pages, over 
2,000 illustrations of pistols, rifles, daggers, medals, 
saddles, etc., mailed for 50c 1943 circular for 3o stamp. 
FRANCIS BANNERMAN SONS, 501 BroQdwoy, N. Y. 


INYENTOB 

• MAKE MONEY TODAYY • 

• In 1041 alone over 4,000 Assignments of _ 
Patents a month were made by inventors A 
to manufnoturera or individuals This 
shows today's demand for new patented 

• Inventions. If you have Ideas, write for A 
our FREE BCX)K, “Protect, Finance and ^ 
Bell Your Invention" that gives you the 

• complete facts Special form “InvenUoa ^ 
Record" also mailed FREE No obligation. W 


i MeMORROW & BERMAN 

I Refflstered Patent Attorneys Before U B 

■ Patent Office 

! 1754 Albee Building Washington, D. O. 

■ Send me your NEW FREE Book. "How to 
I Protect, Finance and Sell Your InventloB*' 

■ and specially prepared "Invention Record" 

■ form at once I understand that this requeet 
I does not obligate me. 
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■ Address 

J City SUte 
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DEFENSE TRAINING SCHOOLS 

are using these practical avia- 
tion books in ihebt curricula 

□ementory Aerodynamics 

D. C. M. Hume Sl.60 

144 pp. 54 Ulttt. 

This book has been written for the 
specific purpose of supplying the 
younger »iudenU of aeronautics with 
a concise and accurate outline of the 
essential science that lies behind the 
fact of mechanical flight, so that they 
may understand and appreciate the 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Airercdt Blueprint Reading 

Almen & Mead tl.lO 

127 pp. 

The first thorough going, practical 
bwk on this vital subject. Provides 
I simple prints with complete explana* 
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and exten- 
sive use among aircraft students. 

Practical Mathematics oi 
Aviation 

A. C. Downer $1.10 

124 pp. 

Here are the fundamentals of mathe 
matics applied to aviation problems— 
for Vocational, Industrial Adult Train 
ing Courses. Has proved most useful 
to men preparing for jobs in aviation 

Aircraft Maintenance 

Brimra & Boggess $2.60 

512 pp. 700 Ulus. 

The young student or beginner will 
find this text simple, clear, and readily 
understandable, a book to live with, 
to study at home, and to keep handy 
for reference in the shop. It is in use 
among leading transport operators, 
universities, private aviation schools, 
trade schools and the air services of 
the II. S. Army, Navy and Coast 
Guard. 

Aircraft Engine Maintenance 

Brimm & Boggesa $2.60 

479 pp. $00 lllua. 

Sound and accurate enough for the 
most exacting engineer, simple and 
clear enough for the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com- 
panion volume above. The most com- 
lete and comprehensive instruction 
ook ever written on the maintenance 
of aircraft engine. 

Aircraft Inspection Methods 

N. Bartholomaw $1.35 

128 pp. 43 Ulus. 

The essential requirements of an air- 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, and 
manufacturer of planes and materials. 
The text has been approved by mem- 
bers of the Army and Navy Air Corps. 


Prices quoted include domestic 
postage. For foreign postage, 
add 25 cents. 


I Order from 
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14 Wait 40th Straat. Naw York. N. Y. 
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CURRENT BULLETIN 
BRIEFS 


d he Editor will appreciate it 
if you Will fuention Saentihi 
American when wntms for unji 
of the publicattoni listed below ) 

A First Aid Iniikx is an accordion-type 
folder, 61/2 by 3 inches, which bears the 
approval of the Commander-in-Chief of 
the U. S. Volunteer Life Savings Corps. 
It covers, with illustrations, all the im- 
portant points in elementary first aid. 
Sylvania Electric Products Inc., 500 Fifth 
Avenue, Mew York, New York. — Five 
Cents. 

Keeping Livestock Healthy is the 1942 
Yearbook of the United States De- 
partment of Agriculture and its 1276 
pages arc this year devoted entirely to the 
fundamentals of animal disease and insect 
control, also diseases and parasites of 
swine, goats, poultry, dogs, cats, and 
wild life. 98 chapters by various authori- 
ties. Superintendent of Documents. Wash- 
tncjton, D C — $1.75. 

TiJKREi l.ATiiES IS ail eiglu-pagc catalog 
describing and illustrating a line of 
lathes and their attachments and acces- 
sories Important construction feature- 
are stressed. Request Catalog No. 67-\V 
South Bend Lathe J Yorks, .^outh Bend 
Indiana. — Gratis 

Whai Keeps the Wnn.is J urning is 
a 20-page illustrated booklet uliul) 
tells the story of electrical power in 
present-day industrial operations, and tlu 
specifu part which glass insulatn Ml 
in keeping this powei in operation 
()wcns-L orninq Fthcrejias Carp , 100 

Nichola<! Bldt; , 1 (dedo. Ohio -itratis 

Wire Data Card is a 5^4 by 3 inch 
celluloid card on wdiich tabulations 
give the composition and physical proper 
ties of certain alloy wires, as well as wire 
gages and a fect-per-pound tonversion 
method Callite 1 ungsten Corporation 
542-46 39th Street. Union Cit\\ Ncto Jer- 
sey. — Gratis 

Handbook of Welded Steel Tubing is 
a loose-leaf data book which gives a 
summary of the physical, chemical, and 
metallurgical properties of welded carbon 
and alloyed steel tubing, together with 
commercial tolerance limitations and ex- 
tensive engineering data. Formed Steel 
Tube Institute, 1621 Euclid Avenue, 
Cleveland, Ohio. — $ 1 . 

Stamping, Marking, and Numbering 
is an 8-pagc brochure which illustrates 
and describes more than 65 modern mark- 
ing tools and machines which are adapt- 
able to a wide range of ordnance and in- 
dustrial marking. Acromark Corporation, 
390 Morrell Street, Elizabeth, Neiv Jer- 
se\ — Gratis. 

Specifications for Productive Light- 
ing in War Plants is a 32-page il- 
lustrated manual designed to meet the 
needs for up-to-date data on the use of 


lighting as a production tool. The lavish- 
ly illustrated text deals with problems of 
production, rejects, employee fatigue, ac- 
cidents, and so forth Both fluorescent and 
incandescent lighting are covered, and 
complete solutions are given for 21 light- 
ing problems of the kind most common- 
ly encountered Benjamin Electric Mfo 
Co. Dcs Plaines, Illinois — Gratis. 

Heat Transfer Through Metallic 
Wai.ls is a 20-page illustrated bulletin 
which describes in detail methods of cal- 
culating the rate of heat flow through 
metallic walls. It dicusses conductivity of 
various metals under different operating 
conditions, and other phases of the sub- 
ject. A series of charts eliminates much 
tedious computation. International Nickel 
Company, Inc., 67 Wall Street, Neit 
York, New York. — Gratis. 

Fatiguf. Versus Efficiency is a 10-page 
illustrated multigraphed folder which 
describes briefly, yet completely, the 
causes of fatigue in industry, in the home, 
and in schools, carrying along through 
the effects of such fatigue to suggested 
methods of relief. American Bottlers of 
Carbonated Beverages, 1128 Sixteenth 
Street, N W , Washington, D. C.— 
Gratis 

The Wood Preserving Industry and 
The Consfrvation of F^orests is a 
34-pagc illustrated review of the lumber, 
eross-tic, and wood preserving industry 
m the United States. It presents charts 
on vaiious activities, and specific informa- 
tion on preservative methods. Grant B, 
Shipley, Koppers Building, Pittsburgh. 
Pennsylvania — - Gratis. 

Rabbit Raisinl, (Consei vation Bulletin 
25 of the Fish and Wildlife Service, 
Department of the Intel lor) is a 64-page 
booklet dealing with feeds and feeding, 
bleeding, management, equipment, and 
marketing, m connection with rabbit rais- 
ing for food and fiit Superintendent of 
JJo( unicnts, ir<t\linigl(>n. D C -—10 cents 
ca ?/; 

Cii UEs hoK \\ AK IS an illustrated four-page 
broadside detailing the uses in which 
wood and glue are alternating for steel 
in production of vital war materials. Also 
shown are simplified methods of glue mix- 
ing and application /. F Laucks, Inc., 
Maritime Building, Seattle. Washington 
— Gratis. 

I’Ei.iEKs IS d 12-pagc catalog devoted to 
a description of felt as an engineering 
material and its applications in industry 
Data presented cover grades, properties, 
.uid specifications, as well as applications 
to vibration isolation, scaling of lubri- 
cants, sound absorption, and so on. The 
Belters Company, Inc., 210 South Street, 
S W., Boston, Massachusetts. — Gratis 

Pariial List oi Usis of Forest Prod- 
ucts In Subtitutions for Steel and 
fiN IS a mimeographed report giving 
lists of numerous manufactured items 
customarily made from metals which have 
been and can be made from w^ood or wood 
derivatives. Publication R1289. U. S 
Forest Products Laboratory, Madison, 
1 1 Ssconsin. — Gratis. 
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Our Book Corner 

THE BCX)K DEPARTMENT of Scientific Americon is conducted, with the 
co-operation of the Editors, to make available for you a comprehensive book 
service. Each month the Editors select and review in these columns new books 
in a wide range of scientific and technical fields. In addition, they ore ready 
ot all times to advise you regarding the best ovoilable books on any sub- 
ject. You are invited to use this service freely. Tell our Book Department 
what kind of books you want and you will be furnished with the nomcs oh 
avoiloble books, including prices. When inquiring obout books, pleose be spe- 
cific; remember that we can be of the greatest help only when you tell us 
just whot you are looking for Books listed in these columns may be ordered 
from our Book Department 


A LAYMAN'S GUIDE TO NAVAL STRATEGY 
By Bernard Brodia 

N o stuffy, pedantic btjiik is this — instead. 

most readable The author writes in 
a smoothly-running^: style which can be 
followed without brow-knitting. While 
non-technical, it follows the same general 
ground as a technical treatise. While it 
was not written as a reply to the De 
Severskys and the Ziffs, it does, and 
without the least rancor, reply to these 
writers to the extent that their air- 
mindedness is extreme, arguing for semnd 
balance between air and sea forces (291 
pages, 5^ by inches, lighth illus- 
trated.) — $2 60 postpaid — (7 / 

PHYSICAL CONDITIONING 

By Georgt T. Sfafford and 
Roy 0. Duncan 

T wo noted physical culturists present a 
conditioning jirogram ])iiniarily for use 
of coach and athlete, but one which will 
immc'asureably benent all who religiously 
follow its tenets (110 p.iges, 6 by 9 
inches, many drawings, index ) — $1 10 
postpaid - -.d D /\ , li 

THE AMERICAN ANNUAL 
OF PHOTOGRAPHY 

Volume 67 

H ere it is again — the annual standby 
Comprehensive articles on man> 
phases of photography, plus an exhibit of 
the year’s best photographs (240 text 
pages, 36 advertising pages, 7% by 10 
inches, paper covers, lavishly illustrated ) 
-—$1 60 ])ostpaid. — A.P,P. 

STAR MAPS FOR BEGINNERS 
By LavlH and Marshall 

S ET of 12 full-page, white-on-black, 
shamrock - shaped, month - by - month 
charts, with accompanying discussions, 
instructions for use, table of planetary 
IcKations till 1947. (33 pages, 8’^ by 11 
inches.) — $.50 iiostpaid . — A G.I 

THE MAN BEHIND THE FLIGHT 
By Aston Jordanoff 

A compi.ktk course of instruction in the 
fundamentals of aeronautics for the 
men who are building our airplanes and 
keeping them in flight, packed down into 
solid straight-from-the-shouldcr text. This 
l)ook provides the facts that aviation stu- 


dents need to know about physics, 
mec'hanics, hydraulics, and electricity 
Written for easy reading, yet not 
“wTitteii dowm ” (276 text pages, 8 by 10 
inches, lavishly illustrated with explana- 
tory drawings, plus 90 photographs of 
plane types and aviation personalities ) — 
$3 60 postpaid — A.P.P 

STOWAGE 

By Captain Piarra Garoeba 

A n American adaptation of the auth- 
or’s original work on handling and 
transport of cargoes Author is well 
known in maritime circles as Chief Officer 
of French School Ship, as shipping super- 
visor of all supplies from here to France 
before his country’s fall. Covers problems 
of operation, loading, stowage, trans- 

portation, damage, carnage of special 
cargoes (437 pages, 5 by 7^4 inches, 

many diagrams, index of subjects and 
poit facilities throughout the w'oi Id ) — 
$3 60 postpaid , IV 

SCIENCE AND MAN 
Edited by Ruth Nanda Anshen 

E ssxns bv Urdlicka (human evolu- 

tion) . C7)mpton (puipose of science) , 
\Khuhr ( rrhgion and action); Kaempf- 
krt (science and democraev ) ; Koffka 
(the psvchologist) ; Huxley (science, 
natural and social) ; Cannon (body 

scientific and politic) ; Muinford (loc:)king 
forward) ; Jessup (international law and 
totalitarian war) ; Jung (human be- 
havior) ; Conklin (science and ethics) ; 
and a dc:>zen others These vary con- 
siderably in interest but not in level — that 
of the more intelligent, thinking fraction 
of the population who seek mental stim- 
ulation rather than factual enlightenment 
Critical essays (494 pages, SlA by 8^.^ 
inches, unilliistrated ) — $4 10 postpaid — 
A. G. /, 

THE LONG SHIPS PASSING 
By Walter HavIghurst 

E xhibiting a keen insight into the 
geographical and economic importance 
of the 300-year history of the Great 
Lakes, the author has presented a dra- 
matic, entertaining, rapid-fire saga of the 
world’s mightiest waterways. It is a 
vivid trail of progress from legendary 
seas, through the chants of voyageurs, the 
vanished fleets of sailing vessels, the im- 
migrant Ixiats, the post-Civil War 



in WAR AND PEACE 

The latest edition of OUT OF 
THE TEST TUBE, the fascinating, 
up-to-date story of chemistry, in- 
cludes the timely section, “Strategic 
Raw Materials,’’ and points up chem- 
istry’s decisive role in this war. 

The distinguished author, Dr Harry N. 

Iloltues, President of the 
American Chemical So- 

ciety, 18 one of the world’s 
recognized authorities on 

the subject. Every intelli- 

? ;ent pci son realizes the 
ar-reaching importance of 
chemistry in shaping the 

worlds of today and tomor- 
row Dr Holmes sets forth 
in clear language the romance of chemis- 
try, and explains the fundamental prin- 
ciples of thiH “\ital science” now being 
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freighters, the building of the Soo Canal 
— where a laden ship passes every 20 
minutes for eight unfrozen months of each 
year — down to the present vital parade 
of long ships passing from Superior to 
the steel mills, witli their cargoes of war- 
winning iron ore. Excellent Americana 
(291 pages, 5l4 by 8^ inches, index.) — 
$3.10 postpM.--A,D,R„ IV. 

HOW TO REMODEL A HOUSE 
By Dalzell and Townstnd 

N ot alone how to do it, but how to plan 
it. Not for architects, but for actual 
owners. This book gets down to brass 
tacks on practical details and principles; 
it isn’t merely vague and general and 
doesn’t merely show a lot of before-and- 
after pictures. (528 pages, by 8^ 
inches, 318 illustrations.) — $4.85 postpaid 
—A.G,L 

FUTURE OF TELEVISION 
By Orrin E. Dunlap, Jr. 

T fcLEvisiON at present represents a sleep- 
ing giant of science and commerce, 
which, when it finally awakens, h^dt 
promise of becoming a billion dollar in- 
dustry, employing thousands of people in 
a multi-nnged circus that today still chal- 
lenges the ingenuity of electronics re- 
search and radio engineering. In the 
smoothly written text of this book, Mr. 
Dunlap lifts the edge of the curtain and 
looks forward into the future. Only the 
next generation can prove the accuracy 
of his prophecies. (194 pages, 6 by 9 
inches, a number of photographs.) — $2.60 
postpaid.— .4. P.P. 


SEISMOLOGY 

By Professor Perry Byorly 

C ompact volume, emphasis on succinct- 
ness. Easy chapters on elasticity and 
plasticity; earthquake vibrations; causes, 
effects and distribution of quakes. Hard 
chapters (calculus, physics) on seismo- 
graph ; elastic waves ; paths of waves and 
travel time curves ; location of epicenters ; 
seismograms Solid book. (256 pages, 
6 by 9 inches, 58 illustrations.) — $4.75 
postpaid. — A.G.I, 


HANDS OFFI 

By Major W. E. Fairbairn 

B y the author of “Get Tough I” this book 
is the woman’s version of unarmed 
self-defense. Not a collection of parlor 
tricks, but sensible, sane, realistic, proved, 
self-protective methods with the liands as 
the only weapons. Excellent course for 
women and girls in war or peace. (41 
pages, 5 j 4 by 8 inches. Profusely illus- 
trated. Paper cover.) — 85 cents, postpaid. 

HANDWRITING ANALYSIS 
By Stain and Zubin 

A s ordinarily practiced, graphology is 
a pseudo-science, frequently degener- 
ating to the level of palmistry and as- 
trology. But there is an empirical science 
of graphology made possible by the fact 
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that, like posture, gait, and mannerisms, 
handwriting is a form of behavior ex- 
pressing intellectual and emotional habits 
This primer of graphology isn’t a bit 
like the familiar popular treatises, be- 
cause it isn’t so specific (the specificity 
is largely gratuitous). It is a dry, statis- 
tical, basic, hard study of underlying 
principles, not of intuitional thrills. Auth- 
ors are connected with the New York 
State Psychiatric Institute, and book is 
published by a division of the Columbia 
University Press. (147 pages, Syi by 
Sy 2 inches, illustrated.) — ^$210 postpaid 
--A.GJ, 

EXPERIMENTAL ELECTRONICS 

By Ralph H. MulUr, R. L. Barman, 
and M. E. Droz 

S OLID is the word for this book, written 
to supply practical information on the 
characteristics and non-communication 
applications of electron tubes The experi- 
ments on which the text is based are clear- 
ly described and the results of each are 
presented in tables or graphs of original 
data. Written for students, radio engi- 
rtcers, communications experts, and the 
general reader who wants to dig deeply 
into this most modern of all sciences 
(330 pages, 6 Y 2 by 9 inches, a large num- 
ber of drawings, completely indexed). — 
$4 75 postpaid — A.P P 

PARACHUTES 
By HeiIieiI S. ZIm 

T horough study of the timely, exciting 
subject of parachutes, how they are 
made, how used in warfare and in civil- 
ian life Development of the 'chute from 
early beginnings, with data on laws of 
gravity, other pertinent scientific prin- 
ciples, problems of jumps, training of 
fighting services, details on use in for- 
est fire-fighting, in exploration, delivery 
of mail and supplies, meteorology. (252 
pages, 5 j 4 fiy inches, profusely il- 
lustrated ) — $2 60 postpaid. — A. D. R., //’ 

MAP READING AND AVIQATION 
By Fitid and Stetson 

B rief, elementary textbook for aviation 
students Part I drills the reader on 
what he should know about contour, and 
other maps, and their close intei pretation, 
also on aerophotographs. Part II teaches 
the rudiments of celestial navigation 
Elementary algebra and plane geometry 
are prerequisites Authors arc professors 
respectively at Princeton and M I.T. (12^>> 
pages, 854 by 11 inches, 83 illustrations ) 
— $2 ^ postpaid — A G.I. 

HOW TO TRAIN HUNTING DOGS 
By William F. Brown 

F undamental training of recognued 
breeds of hunting dogs, with history 
and standards of each, data on particular 
use, and proved system of education 
Author is editor of The American Field 
and is recognized in many circles as the 
authority on field trials. (228 pages, 
6 by 9 inches, 217 illustrations ) — $2.60 
postpaid. — A.D.R,, IV 
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TELESCOPTICS 


A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor of the Scientific American books ^'Amateur Teletcooe Moking"' 
and "Amateur Telescope Making—Advanced" 


W MUH the be.sl l>ije oi tube for a 
reflecting telescope? Old argument, 
never settled, because it depends too much 
on personal factors. ( Which is the best 
type — blonde, brunette or red-head ? ) 

Alfred Biyant, 516 Egleston Avenue, 
Kalamazoo, Michigan, settled one of these 
questions, the one about the telescopes, 
for himself by making one telescope for 
each type of tube (Figure 1). From left 
TO right these are . 

Hexagonal tube (9'4'' mirror, 78" f.l.) 
Octagonal tube (12‘/j" mirror, 81" f.l ) 
Square tube (6" mirror, 70'' f.l. — solar 
telescope). 

Skeleton tube (734^^ mirror, 58 f 1.). But 
Bryant throws out the skeleton tube for 
city use — extraneous light makes too 
much trouble. 

Round tube (734" mirror, 58" f.l.). 
Round tube was all right, Bryant says, 
but “it IS hard for the beginner to direct 
his tube to find objects.” 

Hex and cKtagonal aie all right but 
hard to make. 

He votes for the unromantic square 
type Easy to make. Easy to direct 
Doesn’t need internal iibs Easy to ad- 
just optical parts, “I admit,” he says, “the 
square type doesn’t look so handsome, 
but looks do not a telescope make.” 

The R, A circle on the MY/* consists 
of a 72" steel tape around a pulley, giving 
1" spacing per hour, which is good for 
visibility. 

Incidentally. Bryant must he indus- 
trious 

S CHMIDT camera and mounting, made 
by Philip Knowlton, 83 LaSalle 
Street, New York, New York, is shown 
in Figure 2. It has an 8" Pyrex mirror 
stopped to 7", a 3 '4" correcting lens and 
rates as //I.9. 

Correcting lens is a disk of Vitaglass 
1/32" thick, figured flat on one side; on 
the other convexed, then concaved near 


ilie edge It has an extra ^top which 
works at //4, also a 77mm haze filter 
Tube IS five-ply plywood reinforced 
with 16-gage iron. 

“Fussiest job,” Knowlton writes, “was 
design of film holder ” Figure 3 shows 
the one made. “By experience I found 
that the locus is so short that the back 
of my hand contacts the mirror while 
loading film. 

“Plate glass would have lieen easier 
than l*yrex to grind so deep for the mir- 
ror if no machine had been available 
A machine should be used — for if any- 
one thinks there’s a lot of rub-rub-rub 
lo a common 6" //8 mirror, let him 
try a Schmidt by hand — mine took the 
spare time of 10 months. But it was not 



as dilficult as at first it *»eemed — mainiN 
tedious. 

“The lork of the mounting is of 3" 
angle iron, welded and bolted to a heavy 
stub-shaft resting in a roller bearing. The 
fork is long enough to permit the camera 
to be pointed north. Main supports are 
of 2" X 4" material, each leg having an 
adj ustment 

“The clock drive consists of a lever 
(Figure 4) on the polar axis shaft, its 



figure 7; The Bryont family of telescope tubes~-oll different 


broad flat end laced with haid rubbci 
This bears against the knurled knob ot 
the alarm clock. The dock may be shifted 
Sidewise and the lever lengthened or 
shortened to obtain adjustment of drive 
speed ” 



Orowingft by Porter after Knowlton 


Figure 3 Film holder detoih 

A s EACH new crop ot amateur glass 
workers comes along, a few individ- 
uals discover coal tar pitch and are led to 
think It ’s something new Following 
from an old letter from J. W Fccker 
Pittsburgh professional, gives answer . 

“Roth Lassell and Ilerschel used coal 
tar pitch and describe the use of it in some 
of their earlier memoirs. We have used 



Figure 4* Principle of drive 


it here in the shop ever since the business 
started and it is used on all large jobs 
“Coal tar pitch works very well, parti- 
cularly on glass such as Pyrex and the 
ordinary crowns and flints. Some of the 
special glasses, like barium crown, fluor 
crown, and the extremely dense flints, 
do not polish so well on coal tar pitch, 
due to some of the oils in the tar causing 
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a Staining actiun on the glabs Paiticu- 
larly is this noticealjlc on the e\treim*1> 
dense flint. 

“We generally mix the etial tar pikh 
with asphalt, roMii, bee’s wax, pine pitch, 
or whatever is necessary to give us the 
requisite body For small lens work where 
the siiindles run at high speed, we use 
quite a hit of pine tar pitch We also 
temper it by boiling it tor a long time to 
boil out the oils and make the tar harder 

“The hardne.ss and consistency of the 
polisher depends to a large extent on the 



Figure 5: Tarb«ll ond housing 


type of w(irk you are doing, and no one 
mixture is a universal polishing agent 
“For the amateur, I presume tunc tar 
pitch IS a little lietter, because coal tar 
pitch has a tendency to soften, and give 
edge error ’’ 

N eat housing foi a telescope is sliown 
in Figure 5. E. D Tarbell, Hunter 
\vcnue and Leeds Road, Kansas Cit>, 
Nebraska, is the designer and maker He 
writes “The housing itself is made of 
JO-gage galvanized iron braced by 1" 
ingle iron ribs, tlioiigh the one at the 
open end is 2" The whole lioiising slides 
on a two-by-four track set on posts 
The sills of the cover are two-by-eights 
The tollers are rear wheel car bearings 
from a junk yard The rear pair are not 
placed near the end but about two thuds 
way back, enabling me to use a shorter 
track extension back of the telesiope 
“The inside of the housing is painted 
black, and at tfie rear 1 have a tray in 
ivhich I can change films for photo- 
graphic work, even in full moon, willmut 
causing logging ’’ 

A nother amateur with a uiiKiue way of 
making a pitch lap is Robert E 
Smith, D.D S., Medico-Dental Hldg., Sac- 
remento, California. He says he first ob- 
tains the “Pittsport Doormat,” a rubber 
device prepared by the H O. Canfield 
Co , Bridgeport, Connecticut, and used 
by numerous amateurs for casting tailor- 
made laps of pitch. One of these is show n 
in Figure 31, page 37, of “Amateur Tele- 
scope Making — Advanced.” Usually when 
they come there is a web between the 
partitions and the user must chisel this 
out, hut Dr. Smith leaves it in — he even 
asks the makers to select a mat having a 
good, flat web with no undulations or 
imperfections. He describes the job thus: 
“Cut the mat to fit the mirror, wdth its 
squares off -center, of course. Place mat 
on mirror. Wrap the customary collar 
around the edge, I use rubber for this. 
Paint the whole thing witii glycerine 
r*our melted pitch into all the squares. 


COMPLETE HIGH-GRADE KITS OUR SPECIALTY 


Each kit hns two gUaa diica (corroct 
thickness) tempered pitch, 8 assorted 
abrasives (fewer may not give perfect 
optical surface), rouge, instructions, 
FREE ALUMINIZED DIAGONAL 
etc. 

POLISHING ond PARABOLIZING 


MIRRORS, 

ail atxca 

made to 

> order. 

4" 

Kit 

#2.95 

(Pyrex, 

#4.00) 

6" 

Kit 

3.75 

( Pyrex, 

5.50) 

8" 

Kit 

6.50 

( Pyrex, 

8.00) 

10" 

Kit 

9.95 

( Pyrex, 

13.95) 

12" 

Kit 

14.75 

( Pyrex. 

22.50) 



ALUMINIZING 

A harder and brighter aiuminuni 
coating that is uniform end produces 
a lastiim and superior reflecting sur- 
face. (guaranteed not to peel or 
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AIR NEWS 
SCORES AGAIN 


W HEN Brazil declared war on the 
Axis and the United States rushed 
44 bombers to our good neighbor, readers 
of 'AIR NEWS had only to consult their 
current issue for a complete and analytical 
article on “Brazilian Air Power ’’ 

When the Nazi war machine moved into 
Russia, almost every commentator and 
publication in the country prophesied an 
early German victory. But AIR NEWS 
adhered to the unprejudiced facts in its 
possession, predicted that the Red Air 
Force would be at least a match for the 
Luftwaffe. 

When authentic drawings, photographs, 
silhouettes and specifications on the Jap 
Zero were published in the United States, 
they appeared first in AIR NEWS 
These arc only a few of the scoops that 
AIR NEWS has scored during its first 
eighteen months of publication. There are 
more to come, and you won’t want to miss 
them. 

AIR NEWS is on sale at most news- 
stands, but to be sure of not missing a 
single issue, fill out and mail this coupon 
today! 

8 ISSUES $1.00 


AIR NEWS 
545 .Mh Ave,, New York 
Please send me the next eight 
issues of AIR NEWS 
□ I enclose $1 00 □ me 

Name 

Address 

City State 

SA5148 


making sure there is more than enough. 
Place the warmed tool on this and the 
lap is practically made. Its neat channels 
also run clear down to the glass as is 
desirable. 

“Let it cool somewhat and then remove 
mat and collar, chamfer the lap and 
cold press, and there you have it. Such 
a lap is pretty to look at and easy to 
make.” 

Maybe just at present Japan may have 
something to say about making a lap that 
way — rubber. But that should not last 
forever. 

P RISMS. Cyril G. Wates, 7718 Jasper 
Ave., Edmonton, Alberta, Canada, offers 
simple tests for telescope prisms for 
diagonals, which anyone can apply. He 
writes : 

“There is no way of testing the flatness 
of prism faces except by observing the 
interference fringes when the prism is 
brought into contact with a standard flat. 
This note deals instead with methods of 
testing the correctness of the angles. The 
right angle between the square faces may 
be tested with great accuracy by the 
method described by Russell W. Porter 
on page 54, ‘A.T.M.,’ and improved by 
John M. Pierce. The prism is placed with 
the large face toward the observer. A 
white card having an accurately circular 
hole about 5^" in diameter is held close 
to the eye. The hole appears as a black 
spot in the center of the prism, the spot 
lieing bisected by a line which is the edge 
formed by the two square faces. If these 
faces are at right angles, the spot will 
appear circular, as in A, Figure 6. If 
the angle is more than 90", the spot will 
be drawn togetlier as in B; if less than 
90®, the spot will appear elongated as in 
C. The corresponding shapes of prism 
are shown in the lower part of the figure. 
This type of defect is railed axial-angle 
error. 

“Assuming that the scjuare faces form 
a true right angle, there remain two ways 
in which the prism may be incorrect. In 
the first, the two acute angles, which 
should iKjtli he exactly 45®, may be un- 
equal, as shown gieatly exaggerated in D 
Now, referring to E, imagine the prism 
cut by a nlane surface exactly perpendicu- 
lar to the face x, as shown by the dotted 
lines. In the second, the other two faces, 
y and s, should also be perpendicular to 
the same plane If they are not, the prism 
is actually a section of a pyramid, as 
shown in F, and this is called pyramidal, 
or sometimes side-angle, error. 

“The two errors last described may be 
tested very simply by use of the prin- 
ciple of triple reflection. The set-up is 
shown in G. The prism is placed on a 
table in a dark room, with one of its 
square fares toward the oliserver, who 
should he at a distance of about 10'. The 
card with the hole is held in front of the 
eye, the back of the card being illuminated 
by means of a small, shaded light. Two 
images of the bole are formed, one by 
direct reflection from x: the other by 
triple reflection from s, y, and again from 
s. If the two acute angles of the prism 
are equal and there is no lateral distor- 
tion, as in F, the singly and triply re- 


flected rays will coincide and one image 
only will be seen. 

“If, however, the acute angles are un- 
equal, as in D. the triply reflected ray will 
follow the course sl^own by the dotted 
line in H Two images will be seen, dis- 
placed vertically, as in J, or, if the error 
is slight, the spot will appear elongated. 

“In the case of lateral distortion due to 
pyramidal error, as in F, the triply re- 
flected ray will be displaced in a plane 
perpendicular to the paper, and the images 
will be displaced horizontally, as in K, 
If both errors are present, the images will 



figure 6: Wotes' prismometry 


be displaced or elongated more or less 
diagonallv. 

“it is important to note that the triple 
reflection test is not a proof that the acute 
angles are 45° ; only that they are equal 
An isosceles or equilateral prism will 
also give a single image; therefore the 
Porter-Picrce test must first be applied 
to determine the angle between the square 
faces Note also that the condition shown 
in F is perfectly consistent with all three 
angles being correct. 

“As to tlie sensitiveness of the test, it 
should be easy to observe an error of 5' 
of arc, which is the generally accepted 
standard for a satisfactory telescope 
prism. I have a 2" prism by a noted 
maker which shows no trace of elonga- 
tion; I have another prism — a 1" “pick- 
up” job from a pair of field glasses, which 
shows two images separated by the whole 
width of the face, at a distance of 4' 

“It is not suggested that the above test 
should replace the still more precise 
standard shop methods used by prism 
makers, but for checking at home prisms 
of doubtful origin and quality its simplic- 
ity should recommend it to amateurs.” 

The still more precise method of testing 
prisms, alluded to by Wates, consist** 
essentially of a refinement on the methods 
he describes Light from an artificial 
source, a narrow slit mounted in the opti- 
cal axis of a telescope, passes through 
its objective and into the prism, which 
Is placed at a distance of a few inche.s. 
It is there reflected internally, and re-, 
turned by way of the same objective to 
the eye. If, under magnification of abouf 
25 diameters, the returned image of the 
slit coincides with the slit itself, the prism 
shows no error greater than approximate* 
ly two seconds of arc. This is the test by 
autocollimation. 
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SCIENCE STUDIES RUBBER SOURCES 

SO, in the war emergency, it was finally decided to 
turn to synthetic rubber as the nation’s best bet— at least 
for tbe vshort-time pull — and most of us agreed that this was 
a practical solution. 

And the daily tumult died away, when those who had sin- 
cerely believed that certain vegetable, or plant, sources of 
emergency rubber were the best bet, found that they had not 
won, and got behind the synthetic plan that was adopted 
and helped push Whereupon, the old argument slid off the 
front pages of the newspapers. 

No one should run away with tbe idea, however, that we 
have heard the last about rubber from plant sources. Quietly 
it is receiving most careful attention. As soon as the de- 
cision to go for synthetic rubber for the immediate need 
was made, it became possible for a large corps of scientists 
and technologists to begin a study of plant sources of rub- 
ber, unhampered by urgencies and other expediencies Thus, 
we shall hear from time to time of the quiet, calm research 
that is proceeding. 

Goodrich, for example, is specializing in the careful study 
of three rubber-producing plants that seem at present to 
look best to its scientists — the well-known goldcnrod, the 
Russian dandelion, called kok-sagyz (pronounced, accord- 
ing to the Russian-Amcrican Chamber of Commerce, “kuk 
sag-iz”), and a twining vine heretofore little publicized, 
called Cryptostegia This is a perennial which grows wild 
in Mexico (but has no relation to guayule, which also grows 
wild in Mexico) and contains rubber latex in all its parts 
The tips can be harvested 30 times a year. W'e may hear 
more of these hopes. 

Then, if ways can be found to handle this weed, it is be- 
lieved that the same ways will enable us to handle others 
that grow wild in every fence corner — dandelions, dogbanes, 
wild lettuce, and others — all of which yield some rubber. 

On common fence-corner plants, the New York State Col- 
lege of Agriculture, at Cornell University, has been doing 
outstanding research, between 1500 and 2000 species having 
already been tested there. A method of testing a given plant 
or weed in five minutes was developed A thin section of 
leaf, stem, or root is cut by means of a razor, placed on a 
microscope slide, stained with a dye dissolved in solvents, 
and examined The stain renders rubber and accompanying 
resins visible. If the test gives promise, the plant is later 
analyzed quantitatively in the laboratory, (A very crude, 
though simple, field test is to rub out a leaf between the 
fingers. If the milky latex coagulates into a cohesive ball, 
there probably is some rubber in the plant. How much 
rubber is, of course, the next question.) Cornell also grew 
the Russian kok-sagyz last summer and gained a better pro- 
duction than the average Russian yield, but this plant re- 
mains on the doubtful list. 

So ineluctable are the basics of economic law that, when 
the war is over, our permanent source of rubber will be the 
one which can produce it most cheaply — unless, of course, 
some artificial obstruction is permitted to interfere with 
the pure logic of economic law. If synthetic rubber from 
petroleum, or limestone, or other source, or, if synthetic 
rubber from one weed, or plant, or another ; or, if even the 
old Hevea rubber tree, proves to be one cent or even one 
mil per pound less expensive, then that will be our future 
rubber source. 

It has been said, for example, and rightly, that in nor- 


OUR 

Point 

OF VIEW 


mal times the rubber industry would have had to buy its 
plantation rubber from the opposite side of this planet, even 
if the suburbs of Akron, Ohio, had been a forest of rubber 
trees — the decisive factor would have been labor costs 

In the meantime, while we let the facts decide on our 
future source of rubber, the rubber chemists who are now 
holding the fort with their work on synthetic deserve the 
nation's thanks There is pretty solid ground for the asser- 
tion that they are right now saving our future skins. — A.GA 

ECONOMY 

V ARious, indeed, are the interpretations which arc placed 
on the word “economy.*’ It may call up visions of the house- 
wife stretching the wage-earner’s dollar to cover steadily 
increasing costs of living; it may bring to mind the whole 
process of national management ; it may be applied to those 
common- sense — or necessary — means by which an industry 
continues to manufacture a needed product after many of its 
sources of conventional raw material (often all of them) 
have been cut off. A case in point is the alarm-clock in- 
dustry. These mechanisms, largely composed of essential 
brass and often housed in a casing of the same material, 
have been placed on the “verboten” list. But workers, and 
war wotkers in particular, must have alarm clocks if they 
are to report for work on time. What to do? Practice 
economy , put into operation the common-sense procedures 
of economy that would be used under ordinary stress of eco- 
nomic necessity. The result is the so-called “victory” clock, 
reported at the time of writing these lines to be made 
largely of non-essential materials with cases of thin wood 
or plastics of the less costl> and more largely available 
types 

What the alarm clock industry is doing can be — and in 
many cases is being — done by other industries. Not only is 
this true of civilian products but of military or war-required 
materials as well. (Incidentally, the line between these 
two classes is becoming more and more difficult to draw, 
as the needs of the civilian over-lap more and more on those 
of the military, and vice versa.) Scientific research is con- 
stantly uncovering new ways of doing old jobs; new mate- 
rials which replace, and do a better job than, older ones ; 
methods of procedure which make former practices as out 
of date as the one horse shay. Applications of such research 
are constantly reflected in these pages, where is told the run- 
ning story of industry and the benefits which it constantly 
draws from science. 

Leaning away, for the moment, from practical things as 
they are being accomplished today, but still touching on 
science and “economy,” as the word is applied here to the 
alarm clock and other industries, perhaps no better example 
of long-range research and its ultimate economy can be 
found than that being devoted to natural domestic sources 
of rubber, dealt with in the preceding editorial on this 
page. — A,P.P. 


FEBRUARY 1943 • SCIENTIFIC AMERICAN / 


51 




50 Years Ago in . . . 



(Condensed From Issues of February, 1893) 


PANAMA WON — “The present outlook for the completion of 
the Nicaragua Canal is far better than for the Panama, but 
they both seem to be hipped in the same way. It is simply a 
question as to which company can first get the necessary funds. 
F. R, Bratnard, U. S. Navy*’ 

LONG DISTANCE— “February 7 of the present year, wit- 
nessed the opening of the telephone line from Boston to Chicago. 
Telephoning is successfully carried on over 1250 miles of wire, 
owing to a somewhat circuitous route followed by the line. All 
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First phone coll over Boston -Chicogo line 


distances hitherto covered arc insignificant compared to this. 
The possibilities it holds for the future cannot well be over- 
estimated A step beyond Chicago and the banks of the Missouri 
will be reached, and we may yet see Omaha and San Francisco 
connected by a line which will form the final link in a chain 
bringing San Francisco and New York within streaking range 
of each other.” 

ARMOR — “A Harvey nickel steel armor plate, 6 inches thick, 
was tested on board the Nettle at Portsmouth on the 17th ult 
The 6 inch breech loading gun was used, firing Holtzer’s forged 
steel projectiles weighing 100 pounds each. The trial was of a 
very unusual kind, the gun and projectile being those regularly 
employed for testing WA inch plates. . . . This is a most re- 
markable trial, for it must be borne in mind that the resisting 
power of a plate is more as the square of its thickness 
than as the first power, so that for a 6 inch plate to break up a 
projectile which until recently was a match for W/j inches is 
a great triumph.” 

FAIR LIGHT — “Invitations have just been received in Chicago 
from the Westinghouse Electric and Manufacturing Company, 
asking an inspection of some of the electrical apparatus which 
is to form part of the incandescent lighting plant at the Colum- 
bian Exposition, and which is now exhibited at this company’s 


shops, previous to its being shipped to Chicago. The feature of 
particular interest at this display is one of the 10,000-light 
dynamos direct coupled to a 1000 horse power Westinghouse 
compound engine.” 

TELESCOPE — “It is proposed in Paris to construct a gigantic 
reflecting telescope, the mirror of which is to be 10 feet in 
diameter and the length of the tube is 140 feet. It is to be ready 
for the exhibition which is to be held in Paris in 1900 The 
mirror is to be silver on glass ” 

BRIDGE — “One of the two or three highest bridges in the 
w'orld is the viaduct over the Pecos River, Texas. ... It is 
on the line of the Southern Pacific Railway, and its construction 
shortens the former line of the road by 11.2 miles, besides saving 
sonic heavy grades and avoiding bad curves. . . . The Pecos 
River bridge is 2,180 feet long between abutment walls, and it 
IS built of plate and lattice plate girders testing on steel towers. 
. . . The height from the base of the rails to the surface of the 
water is 320 feet 10^ inches, and to the bed of the river is 
330 feet.” 

ONE REASON — “The fact that people lost on a desert or in 
a forest . . . walk in a circle is due to slight inequality 
in the length of the legs. Careful measurements of a senes of 
skeletons have shown tliat only ten percent had the lower limbs 
equal in length, thirty-five per cent had the right limb longer 
than the left, while in fifty-five percent the left leg was the 
longer. The result of one limb being longer than the other will 
naturally be that a person will unconsciously take a longer step 
wnth the longer limb, and consequently will trend to the right 
or to the left, according as the left or right is the longer, unless 
the tendency to deviation is collected by the eye.” 

BALLOON — “A large dirigible ballon is being constructed at 
the military balloon works at Chalais-Meudon, under the direc- 
tion of Commandant Renard. It will measure about 230 feet 
in length and 43 feet in its greatest diameter. By a new arrange- 
ment of motor it is expected to be able to make headway against 
air currents not exceeding 40 feet per second, or 28 miles an 
hour The motor is not fully described, but it wfill act cither 
with gasoline or the gas of the balloon, giving an effective force 
of 45 horse power.” 

COBALT — “Cobalt is now bought up in bulk by two or three 
chemical manufacturers, and is almost entirely used at present 
for blue coloring of glass and pottery and blue glaze. Its cost 
in reality is not more than that of nickel, but it is retailed at 
something about five times this cost. If cobalt plating, as sug- 
gested by Dr. Silvanus Thompson, were to come in, cobalt, 
being used more largely, would soon become as cheap as 
nickel.” 

SKI-TROOPERS — “There are now being made in certain corps 
of the German army some very interesting experiments relative 
to the introduction of snow shoes, to permit of marching and 
service on a campaign in the severest weather. The snow shoes 
used by the German soldiers are the same as those that have 
been employed for centuries in the countries of the north of 
Europe. . . . They consist of a thin strip of wood about a yard 
in length, a little wider than the foot, curved at the extremity 
and shod with iron.” 
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Telephone wire 
coming up 

Here’s a bomber-gunner hurrying 
to load bis 50-calibre gun. . • • 

In peace, a lot of that copper 
would have gone into new tele- 
phone lines. Now it’s needed for 
shooting and winning the war. 

That’s why we can’t build new lines 
right now. That’s why we’re saying 
— ‘Tlease don’t place Long Dis- 
tance calls to war-busy centers un- 
less it’s absolutely necessary.” 

Thanks for all your help and we 
hope you will keep remembering. 
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CALLS 
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‘WE DEFEND WHAT WE DUILD’ 

Seabees, the Huhting Technicians of Our Navy 

A. D. RATHBONE, IV 


T ake «a map of the world and mark 
crosses on or near any points yon 
like outside the continental limits of 
the United States where the Navy has 
been reported in action Chances are 
you will have indicated some Seabee 
bases. From the Aleutians to the Solo- 
mons, from I'rinidad to Iceland, from 
Murmansk to Australia, in many lands 
and climates, north, south, 
east, and west, the Seabees 
have gone to work and to 
fight. With a brief history, 
thus far, but a vivid one, 
the Seabees — who derive 
their name from the phonetic 
pronunciation of the letters 
“CB,” Construction Bat- 
talion — comprise the newest 
branch of the Navy, and one 
of our most dramatic and 
romantic services. 

The wartime business of 
the Seabees, the broad 
knowledge and variegated 
skills of officers and enlisted 
men, the amazing and force- 
ful esprit de corps they have 
conceived in a year's time 
are all best conveyed by a 
description of their insignia, 
an escutcheon destined to 
become as universally famil- 
iar as the blue of our Navy, 
the khaki of our Army, or the symbol 
of our Marines. 

A zooming bee, with white Navy hat 
perkily cocked above the fighting-mad 
expression on his tough face, with spit- 
ting Tommy-gun in his fore hands, 
streaks across the hawvser-encircled blue 
background of the insignia. Indicative 
of his technical ability, he carries a 
wrench in his second hand, a hammer 
in his rear fist. His several sleeves re- 
spectively bear Naval rating badges of 
Gunner's Mate, Machinist's Mate, Car- 
penter's Mate, and on each wrist is the 


corps device of the Civil Engineer 
Corps of the Navy, portraying rela- 
tionship to the Bureau of Yards and 
Docks, the parent organization of the 
construction regiments. This rough- 
and-ready, tough little guy of many 
parts expresses better than whole col- 
umns of words the motto of the Sea- 
bees: “We Defend What We Build” 


Are you a blacksmith, carpenter, 
electrician, mechanic, painter, pipe- 
fitter, plumber, rigger, steelworker ? 
Can you operate a bulldozer, gas and 
Diesel engines, a dredge, a crane, a 
shovel, a truck? Do you know a good 
deal about generators, evaporators, 
water purifiers, refrigeration, welding, 
excavation, dynamiting, concrete, sur- 
veying ? Maybe you're a cook, a baker, 
a laundryman, a draftsman, a rodman, 
a sailmaker, a telephone man, a wharf- 
builder, or a diver. Perhaps you are a 
doctor or a dentist If you are among 


these, or can qualify with knowledge 
and experience in any other technical 
line; if you’re over 16 and under 51, 
still in good health, and want to line up 
with a two-fisted crew of really tough 
hombres who fight with one hand and 
build naval bases with the other, you 
may volunteer for service in the .Sea- 
bees If you’re looking for a commis- 
sion, you’ll have to be a col- 
lege graduate with an engi- 
neering degree. The Con- 
struction Battalions of the 
Navy are truly specialist 
outfits, and it is their stiff 
requirements of engineering 
and construction experience 
that makes them so. 

The Seabees were born a 
child of necessity and have 
grown to manhood within 
the short space of time since 
the Japs took Guam, Wake, 
Cavite, and other advance 
base facilities of the Navy. 
The story of unarmed civi- 
lian construction men on 
Wake Island during the 
heroic stand by Major Dev- 
ereaux and his little band of 
Marines, and the part the 
civilians played, after grab- 
bing anything that would 
shoot, is well known. The 
lesson was quickly learned and shortly 
after the declaration of war the need 
for construction personnel at many 
locations outside the United States 
became apparent. That this force should 
be in uniform and under military com- 
mand went without saying, with con- 
ditions as they were. The Navy’s Bur- 
eau of Yards and Docks authorized its 
Civil Engineer Corps, which, tlirough 
the medium of individual civil engi- 
neers, has served the Navy since 1775, 
but as a unit with authority to com- 
mand only since 1942, to recruit one 
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regiment of three battalions, totaling 
approximately 3300 officers and men. 
That was in December of 1941. By 
mid- November of 1942 the Seabee*^ 
were authorized to enlist 210,000. Af- 
ter training, each battalion is a com- 
plete entity unto itself, each of which 
can build or tear down anything con- 
structible, each of which is seeing 
service somewhere on the far-flung 
fronts of this war, and each of which 
has been trained to protect and defend 
what it builds. 

A t THE special training camps for 
men of the Construction Battalions 
at Norfolk, Virginia, and Davisville, 
Rhode Island, volunteers have been 
arriving for months. These “hoots,” as 
new Navy men are termed, are as- 
sumed to have had varying amounts 
of technical training or experience, de- 
pending upon their age. 1'hey have 
filled out lengthy applications which tell 
the story of their various skills, they 
have had their physical examinations, 
and “boot school” will teach them how 
to drill, salute, shoot, wear their Navy 
uniforms, and generally conduct them- 
selves as Navy men should During the 
three weeks of this specialized boot 
school the men who some day will build 
on the borderlands will also learn mili- 
tary courtesy, the manual -at-ar ms, 
combat signals, rifle marksmanship, 
extended order drill, the techniques of 
the .45 pistol, hand grenades, the 



The dy nomite crew sets o chorge 


Thompson sub-machine gun. bayonet 
drill, the layout of bases, and principles 
of air-raid protection. 

It's a tough schedule, that first three 
weeks, and it catches many an old-timer 
with short breath, weary and strained 
muscles, and perhaps a secret admis- 
sion that he isn't quite the man he 
thought he was. However, all drill, 
calisthenics, and physical endeavor — 
and there’s plenty of it from reveille 
at six in the morning to taps «at 9:30 


at night — is carefully watched by medi- 
cal men, and the older members of the 
battalion are urged to take it easy 
until they once more become the tough- 
ened men they were in bygone years. 
As for the younger fellows, there’s no 
more need to worry about them than 
if they were m the Army, the Marines, 
or other branches of the Navy, and the 
story is about the same 

Q uite naturally the emphasis is on 
the military scheme of things, for 
these men already know their trades 
However, there is technical training 
in lecture hall and in laboratory, or in 
specially designed practical work shops. 
There are talks and actual labor on 
boilers and heating, Diesel and gas 
engines, evaporators and purifiers, 
generators and electricity, air-raid 
protection and camouflage, pontoons, 
propulsion units, and drydocks, tank 
and radio mast construction, refrigera- 
tion, welding, small arms, concrete 
forms and carpentry, diving, excava- 
tion and earth moving, hut erection and 
fire-fighting. The latter four will be 
covered still more in detail and actual 
practice after the men have left Camp 
Allen, at Norfolk, for the advanced 
training at Camp Bradford, not far 
away. 

In the course of this formative per- 
iod the new battalion finds itself. Men 
who have acquired particularly spe 
cialized backgrounds are discovered 
through a series of new questionnaires 
and by discussions with the officers 
These men, picked from the ranks, are 
given supplementary and extensive in- 
struction in the subjects listed above, 
they are excused from routine duties; 
often they end up by being instructors, 
which means they are likely to remain 
at Camp Allen for some time to come. 
One of these, for example, a specialist 
in Diesels, enlisted in April, 1942, and. 


much to bis annoyance, he is still 
leaching the newer men the intricacies 
of his trade Although 48 years old, 
father of four daughters, and a three- 
times grandfather, he is thoroughly 
disgusted with his lot of “fighting the 
battle of Virginia,” and admitted to 
having deep, dark plans for “selling” 

# Through the courtesy of the Navy Deport- 
ment, 0 member of our staff visited one of 
the three training comps of the Navy's new 
Construction Bottolions, known os “Seabees." 
These men, mony of them veterans of the lost 
war, are performing a vital service in the 
establishing of odvonce bases in all parts 
of the world, a service unique in the annals 
of the United States Navy, and one fraught 
with donger, which is why the Seobees are 
taught to fight with one hand while they 
build with the other. Illustrations are 
U. S. Novy Official Photos. — The Editor, • 

the idea to the commanding officer of 
the next battalion to go through the 
school that he should be sent out to 
build and fight, rather than remain in 
the role of instructor. 

If a man wants action in foreign 
lands in this war, he’ll get it in the 
Scabees. As soon as a battalion has 
been formed and has completed its 
training, it leaves for “Island X,” 
which is the designation for an island, 
a continent, an isthmus, a beachhead 
anywhere in the world. When a bat- 
talion leaves the United States for its 
objective, it is as complete and suffi- 
cient unto itself as American ingenuity 
and inventiveness can make it. Food, 
clothing, arms, and ammunition are but 
a few of the impedimenta. There must 
be huts to live in, a laundry, a dentist’s, 
and a doctor's office and their parapher- 
nalia, kitchens that cook while they rolk 
or during tropical hurricanes, or in 
northern blizzards ; in fact, under all 
conditions. But even that is only the 
beginning. There men are sent out to 
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A powered pontoon landing barge, loaded to capacity with men, machinery, and tons 
of many kinds of materials, chugs its way toword shore in practice maneuvers 


sibly some mainland. The area may 
or may not already be occupied by the 
Navy, the Army, or the Marine Corps 
Seabees may have to clear an area of 
enemy forces, and their duty viay in- 
clude holding such an area ” 

I'o lend authority to this theory of 
action, and to provide practical in- 
struction, realistic landing parties are 
staged in which the Seabees must 
attain their objective against “enemy’* 
troops armed with flour bombs, and 
perhaps entrenched in fortifications 
and efiuipped with armament Powered 
pontoon barges are loaded with every- 
thing the battalion will need for such 
a task on “Island X ” The Seabees, too, 
are eiiuipped with flour bomlis. and at 
the signal, the landing party starts 
towards a windswept, sandy beach, held 
by the “enemy ” 


const! net something That means all 
mannei of road building and concrete 
niachmery, it calls for welding and 
acetvleiie cutting apparatus and the 
Diesel, gasoline, and electrical power 
to run them, it means tons of coticrete, 
reiiiforcmg iron, and the lumber for 
forms, tanks for the stoiage of w«iter 
and engine fuel In short, try to visual- 
ize a safari of over a thousand men 
wuth ever) thing they’ll need for months 
fioni toothpaste to aspirin, roast beef 
to a cold glass of beei , w’oik gloves to 
a tievv pair of pants Then add your 
list of all conceivable e(iuipment, ma- 
chinery, and materials to build a city 
in which to live, to carve an airport 
out of a jungle, to build storage bases 
and landing facilities on a coral reef 
That is a Seabee battalion 

TO I'kEPVRi: the men and officers for 
■ what they will run into, there are 
five weeks at C amp Bradford, a sprawl- 
ing wilderness of sand, swamps, and 
pine trees on the Atlantic coast There 
huts are built ami torn dowm, storage 
tanks ranging in capacity from 1000 
gallons to 10,000 gallons go up section- 
ally in jig time, and come down just 
as fast. Stumps are dynamitecl, carpen- 
ter crews slap together concrete foims 
just about fast enough to keep ahead 
of the mixing and pouring gangs. 
Roads of steel mesh through the lough 
and vsandy country olfer engineering 
pioblems of the first magnitude and 
provide field practice for bulldozers, 
shovels, cranes, scrapers, and for 
welders and their mobile units The 
amphibious side of the Seabees is de- 
veloped by working with the versatile 
pontoons, from which are built piers, 
bridges, drydocks, and landing barges. 
One important point must be noted As 
the new^ battalion passes through the 
screen of officer and instructor obser- 


vation, catli man is sifted into the niche 
for which he is best fitted in this outfit 
of snper-specialists. The battalion is 
really an organization of highly trained 
crews of metal workers, carpenters, 
concrete men, welders, and so on. While 
each group has its specific work to 
perfotm, it is part of the .Seabee scheme 
of things that all will turn to and serve 
as helpers to any other trade The 
heavy stress laid on this phase of tram 
ing, and the astuteness with which the 
entire program has been laid out, is 
what makes a battalion of Seabees such 
a closely knit unit, gives it such excel- 
lent teamwork, and enables it to ac- 
complish the seemingly impossible in 
faster than record tune 

In the course of an early lectuie an 
instructor tells the Seabees that* “The 
purpose and duty of the C onstruction 
Battalions are to erect, reconstruct, or 
repair advance bases, or to extend 
existing facilities on an island, or pos- 


IN ONE such maneuver two companies 
■ of Seabees were given the task of 
elTecting a landing, dealing the area 
of tile enemy, and constructing a 1500 
foot runway tor airplanes on a sandy 
beach, besides establishing their own 
living (piarters and bases, jnoviding 
themselves with a supply of fresh 
WMter, mounting their own guns, and 
making other preparations for a pos- 
sible enemy counter-thrust They were 
allowed 30 liotirs in which to eomplctc 
tlie assignment 

The chugging barges poked their 
blunt noses as far toward the beach as 
possible. Hundreds of carpenters, weld- 
ers, crane men. metal workers, and 
other technicians who, by now. weie 
trained combat men in the pink of phy- 
sical condition, leaped into the sea up 
to their knees and waists, with nfles 
and light machine guns, and ehatged 
toward land The shore end of the 
barge unfolded into a ramp down which 
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Practice maneuvers ot Camp Bradford include frequent use of Navy loading borges, 
service trucks, ond mony other speciol forms of mochinery ond Seobee equipment 


more machine puns and a small field 
gun were trundled to the beach and 
set up. Meanwhile, flour bombs had 
begun to fly in all directions, with en- 
suing casualties on both sides. Some 
of the precious Seabee machinery and 
material was hit, which invalidated it 
for use in completing the task, and 
several of the men were put out of 
action The attack was fast and furious 
for a few minutes, but such was the 
impetus and enthusiasm of the fighting 
technicians that the enemy were over- 
come and captured. 

■ NvSTANTi.y the scene changed from that 

■ of a battlefield to a fast-moving and 
well otgani/ed construction camp. Bull- 
dozers and scrapers came ashore, dyna- 
mite crews followed surveyors’ instruc- 
tions and blew up stumps, rocks, trees, 
and other obstacles in tlie proposed 
runway. With perfect precision one 
crew followed another, each acting as 
helpers when not engaged in applying 
Its own primary technical skill A tiny 
village of huts popped up in the pine 
trees like magic, the energizing aionias 
of hot coffee and soup came from the 
rolling kitchen, the water evapoiator 
went into immediate action to produce 
a fresh water supply from the sea, the 
roar of road machinery and the hum 
of generators competed with the smack 
of busy hammers and the rattling of 
concrete mixers. 

In appropriate places anti-aircraft 
guns WTre mounted, and a conlinuous 
stream of ciates, bundles, packages, 
and more machinery continued to come 
ashore In fact, the Navy’s Construc- 
tion Battalions might well be known 
as “the hook-and-eye” service, for 
everything they own or work with is 
equipped with large or small rings so 
that the cranes and derricks, or men, 


can hook into and lift them from trans- 
port ship to pontoon barge, from barge 
to waiting truck, and from truck to 
projier location b'ven the laundry, 
capable of caring for cither a 200-bcd 
hospital or 900 men in a 16- to 20-hour 
day, comes in three huge “eyed” crates 
When these are spotted, when pipe and 
other operating connections are made, 
wdien the water tanks arc filled by the 
supply of fresh w^ater from the already 
installed evaporator, and the Diesels 
are fueled, the laundry starts to hum 
All this and far more those two Sea- 
bce companies accomplished m the 
limited time allow^ed for their mock 
invasion, d'he an field runway was 
finished, guns and crews were ready 
for any return of the “enemy,” and a 
village of over 1000 men was in full 
operation with water, lights, power, 
and even medical and dental quarters 


— in the amazing and unbelieveable 
time of 26 hours continuous work. Of 
such men are the Seabees made. 

The determination of those compara- 
tively few construction men who w^re 
on Wake, Midway, and other Pacific 
islands when the Japs .so ruthlessly 
attacked them burns ever stronger 
within the Seabees This is one reason 
for the amazing esprit de corps among 
tins newest of fighting services. Even 
the first battalion to go overseas, soon 
after the Navy diiective established 
the Seabees, was imbued with this re- 
markable fighting spirit from first man 
to last Their ship was attacked, and 
the fighter-builders proved they were 
not mere super-cargo by helping to 
man the guns which drove the enemy 
aw'ay. These seagoing landlubbers can 
build anything anywhere, under any 
conditions, and will fight to piove it 



This will soon be o 10,000>gqllon storage tonk. During troining, the Seabees put 
them up in record time and then teor them down again, oil far tha sokt of ixparitneo 


tNKAWN fiom every technical walk of 
^ life, they are among the best in 
the nation They include many veterans 
of the last w^ar, their sons and nephews. 
Many are men who have given up 
high-salaried positions for a far lower 
income /\ Seaman 2nd Class in the 
Seabees receives $54 a month for home 
service and $64 80 while abroad , a 
Chief Petty Oflicer commands $126 at 
home, and $161.20 overseas, so it isn’t 
money that activates men to join the 
Navy’s Construction Battalions — - it’s 
something else 

\ man becomes a Seabee because he 
ha.3 that “something,” a “something” 
the Japs and the Nazis, to their regret, 
are going to know far more about be- 
fore the thousands of men who fight 
with one hand and build with the other 
are tlirough with their business at 
hand. 
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Salvaging Light 

How More Light May Be Supplied to Industrial 
Workers Without Increasing Current Consumed 


A. P. PECK 

B y means of a scientific use of color 
it is now practical to increase the 
illumination from most light systems 
100 percent without any change in 
lighting equipment or any increase in 
wattage. That challenging statement 
was made as the lesult of studies re- 
cently reported ; the data presented in 
the repoit, and applications of the 
.system investigated by the writer, bear 
out completely the broad claims made 
This scientific use of color was arrived 
at as a result of continuing research in 
the “three dimensional seeing” work 
reported in (he December 1941 issue of 
Scientific American, when properly 
selected paints were being used to tint 
])arts of machinery with outstanding 
results in matters of better seeing and 
greater safety 

In the present work, the investiga- 
tors, co-opeiative workers from Du 
Pont and the Philadelphia bdectric 
C'onip.my, extended the study aiea 
from the machines themselves to in- 
clude the eiitiie room, and bent their 
energies to devising colors and color 
combinations that would reflect light 
to greatest advantage 

It is well known, ot course, that light 
coloied walls inciease the illumination 
in a room by icHectmg available light 
Actually, however, this method of light 
utilization has been sadly neglected in 
the past and only now has been sub- 
jected to careful study. In many an 
industrial plant, a well-designed light- 
ing system is lobhed of Us efficiency by 
dull, dingy ceilings, walls, and floors. 
In (Uhers, where w'alls and ceilings 
have been painted with light-reflecting 
finishes, some of the light has been 
.salvaged Even in such cases, however, 
a consideiable amount of light is lost, 
“blotted up,” l)> dark, drab floors. 

To the uninitiated it might seem, 
off-hand, that the ideal solution to the 
problem of light utilization would be 
to paint all surfaces a dazzling white. 
Then the light rays could bounce from 
wall to ceiling to floor in an endless 
cycle of utilization. True enough, such 
treatment would result in extremely 
high values of light at the working 


surfaces, as compared with the wattage 
of the source, but other factors would 
enter that would make the method im- 
practical. 

First, any surface that reflects too 
much light will produce glare. Then, 
the psychological effects on the workers 
must be considered, an all-white room 
w'ould be uncomfortable to work in, 
aside from the glare, and would be 
considered an unpleasant environment 
Third is the matter of maintenance, a 
factor of great importance in industry, 
where ceilings and walls cannot be 
painted or cleaned too often without 
undesirable expense and interference 
wdth norma! operations 

THE WORD “utilization,” used above 
■ and farther on in this article, .should 
be explained in its specialized sense 
before it becomes mi.sunderstood. Of 
course, it means “use.” but to the 
lighting engineer it has a definite 
mathematical meaning widely enqiloyed 
in his work. Illumination is measuied 
in terms of lumens (light units) per 
square foot falling on an arbitiary 
plane, usually horizontal and 3t) inches 
above the floor I'he area in sciuare feet 
of this plane, multiplied by the illumi- 
nation in footcandles, gives the number 


of useful lumens. This figure, divided 
by the rated lumens of the lamp or 
lamps, is called the coefficient of utili- 
zation, or merely ^hitilization.” 

Working with such a measurement 
system, preconceived ideas about paint 
and light were put to practical test by 
the research woikers They had avail- 
able a test room 11 feet 4 inches wide 
by 22 feet long with a 10-foot Ceiling, 
illuminated by two 500- watt silvered 
bowl incandescent lamps on 18-inch 
diop cords. The ceiling and walls were 
white, the dado was giay, the floor 
was maroon, and the furniture was 
dark mahogany. Industrially, there was 
nothing much wrong with the room, 
except that the white paint had lost 
a gieat part of its reflection v^due ; it 
was the .sort of room that will be found 
duplicated many times in many places, 
and is shown as an inset in the ac- 
comp.inying chart. 

the engineers first started ex- 
pel imenting with this room, the 
light utilization was only 27 peicent 
\\ hen. however, the ceiling was given a 
coat ot light cream paint, with a re- 
flection iactor of 85 percent, the utili- 
zation coefficient jumped to 33 percent, 
an incictise of 22 peicent just by the 
selection of the correct paint for the 
celling alone. 

'fhe next step consisted of applying 
to the sidew'alls a neutral gieen paint 
slightly on the yellow side in hue, and 
having a reflection factor of 72 peicent 
riie original finish had a reflection 
factoi of 40 percent and the gray dado 
a factoi of 12 percent. 'I his change 
in the sidewall finish resulted in an 
improvement in light utilization of 
from 33 to 44 percent Paienthetically 
it is noted in the technical report on 
this work that the men working in this 
loom found the changed color scheme 



Color troofmoiit of mocliinot, plus light floor ortos, increoses visibility 
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Th« light floor of this assembly line reflects light to needed places 


quite comfortable and had no adverse 
comments to make. This factor of psy- 
chological effect on workers cannot be 
too strongly stressed in considering 
light salvage methods. Tf light is saved 
at the expense of mental irritation 
1)1 ought on by color effects, the work 
(lone is useless, or worse 

After the effect of the sidewall 
change in the test room was fully de- 
termined, the research workers next 
refinished the floor, which had a re- 
flection factor of 12 percent, with a 
white deck paint having a reflection 
factor of 85 percent. This brought the 
room utilization up to 56.1 percent. 
When the dark mahogany furniture 
was replaced with blond furniture hav- 
ing a reflection factor of 50 percent, the 
light utilization climbed to 58.5 per- 
cent, or a total increase of 113 percent 
over the light utilization of the original 
room. 

Here was dramatic proof of the abil- 
ity of engineers to double the effec- 
tive lighting in a given room with- 
out increasing the power consumption 
of the light source. 

O NE final change was made in the 
test room which brought the room 
utilization down to 55 percent: In the 
interest of easier maintenance, the 
white floor was stippled with russet 
paint, bringing its reflection factor 
down from 85 to 70 percent. Still, the 
gain was in excess of 100 percent over 
the original 

This last mentioned matter of reduc- 
ing the reflection factor of the floor for 
maintenance purposes has one other 
advantage When the floor surface re- 
flects more than about 70 percent of 
the light impinging on it, the result, 
over a period of time, is likely to be 
irritating to the human eye. Our eyes 
are mechanically so constructed — sock- 
ets. brows, and so on — as to receive 
light from above with the greatest 
comfort When light in large amounts, 
1 dative to the total, reaches our eyes 
from below the horizon, a sensation 
of discomfort is created and workers 
cannot produce at their best. 

According to the engineers who did 
the work with the test room, the ex- 
periments established three things: 
Satisfactory hues may be secured with- 
out serious sacrifice in reflection prop- 
erties, floor and table finishes of 65 
percent reflection factor, or even 
higher, are practical; coefficients of 
utilization of the order of double the 
present practice can readily be secured 
by the use of high-reflection floor fin- 
ishes of suitable hue. 

But the test room was by no means 
the end of the work with light salvage, 
riie possibilities had been proved and 


next must be applied in practice. In 
the repair machine shop of the Phila- 
delphia Electric Company the floor 
was coated with a paint having a re- 
flection factor of 60 percent. 'Phis 
change greatly improved the machine- 
operators’ ability to work at the vari- 
ous machine tools, particularly when 
brass and copper were being fabricated 
On an aircraft assembly line a similar 
paint change gave increased visibility 
on the parts under construction. 

Probably the most outstanding ap- 
plication of this recent research to in- 
dustry, however, is m the plant of the 
Ordnance Gage Company in Phila- 
delphia. Here a group of highly skilled 
workmen produce precision instru- 
ments with tolerances running into the 
infinitely small Good seeing is essen- 
tial. To all machinery has been applied 
the '‘three-dimensional seeing” system 
of painting mentioned previously. The 
ceiling has been painted white and 
reflects 85 percent of the light which 
strikes it. Reflection factor of the buff 
sidewalls is 72 percent, of the green 
dado 50 percent, and of the dust-green 
stippled floor 70 percent 

T he overall effect of this color com- 
bination is one of striking cheerful- 
ness and light. The workmen are thor- 
oughly pleased with their surroundings, 
they like the colors and the amount of 
available light, and do not miss an op- 
portunity to say so in no uncertain 
terms. 

From a careful consideration of the 
investigations described above, it is ap- 
parent that only by the use of interior 
finishes having a very high reflection 
value can we expect a maximum 
utilization of light. This applies just as 
well to floors, furniture, machinery, and 


benches as it does to ceilings and side- 
walls Since these high reflection val- 
ues do not permit efficient and com- 
fortable vision through “brightness” 
contrasts, it is obvious that such vision 
must be obtained through contrasts in 
hues. Hence much of the present re- 
search has been concentrated on paint 
hues, defined as the quality by which 
we distinguish one color from another, 
such as a red from a green, and so on. 

• lyiiE function of color,” states the 
■ technical^ report of the co-op- 
erating research workers on this light- 
salvaging program, “as a part of the 
industrial seeing machine is to provide 
a controlled mild stimulation and to 
increase visibility by means of suitable 
contrast. Brilliant colors, such as bright 
red or yellow, stimulate impulsive ac- 
tion and have their place as danger and 
caution indicators. Ihidcr such condi- 
tions, pronounced stimulation is de- 
liberately produced in order to get in- 
stant action. Preventive action must be 
instantaneous if accidents are to be re- 
duced Achromatic colors (gray) have 
a deadening effect if used to the exclu- 
sion of chromatic colors, i.e., those 
having hue. . . . Somewhere in between 
strong chromatic color and achromatic 
color lies ihe position of continuous, 
comfortable, accurate vision with a 
minimum of fatigue. The need of the 
correct degree of stimulation within the 
working area cannot be disputed. It is 
equally essential, however, that the 
hue and brightness of the surround- 
ings, including floor and ceilings, must 
be of such character as to emphasize 
a return of the eyes to the working 


*Road«rs who oro intorotfod In moro tpocIRc 
doloiU on thik tubioef will bo roforrod to toch* 
nicol tourcot on roquott to tho author. 


FEBRUARY 1943 * SCIENTIFIC AMERICAN 


59 


SCIENCE IN INDUSTRY 


STEPS TAKEN TO 
SALVAGE WASTE LIGHT 
IN EXPERIMENTAL ROOM 
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aica and to have their greatest comfort 
while there In addition, these areas 
should have an adequate reflection val- 
ue to insure the maximum use of mul- 
tiple reflections. . 

The investigators of salvaged light 
sum up their report, which they empha- 
size IS a record of progress rather than 
an ultimate solution, with the following 
facts : 

“That carefully selected hue contrast 
will effectively augment brightness 
contrast for comfortable, accurate, con- 
tinuous vision 

“That it is quite feasible to use 
much higher reflection factors on 
floors and walls, without discomfort, 
than has hitherto been considered pos- 
sible 

“That the use of color does not 


REQIMENTINQ ATOMS 
In Search for Better 
Transformer Gores 

Skkking a better magnetic material 
for transformer cores, a physicist at the 
Westinghouse Research T>aboratories 
is “drilling” dloms as if they were a 
s(|uad of Army recruits on the parade 
ground. 

By melting and then slowly cooling 
an iron-aluminum alloy, Di Sidney 
Siege gets atoms of the two metals to 
line up as orderly as well-trained 
soldiers. When they are arranged this 
way, the atoms exert their magnetic 
force together. Ultimate success of this 
work may increase the efficiency of 
electric transformers— the voltage- 
changers that are the key links in the 
alternating current system of power 
transmission. As a result, transformers 
will be able to do more work for their 


necessarily mean a great sacrifice in re- 
flection factor. 

“d'hat the use of multiple reflections 
makes possible a degree of light utiliza 
tion far in excess of existing experience 
with a consequent i eduction in the need 
of critical materials and an increased 
leturn from the electrical power used ” 
Thus it will be seen that salvaging 
light for victory holds outstanding pos- 
sibilities when apiiroached from a 
scientific viewpoint C olor as well as 
reflection quality of paint used in the 
process must be considere<l And plan- 
ning, to be most effective, must take in 
all surfaces, from ceiling to floor to 
furniture to machinery When these are 
knitted into a light-salvaging whole, 
better seeing conditions will result 
without increased light bills 


size This will save copper and steel, 
make it easier to transport and install 
transformers, and eventually reduce the 
cost of transmitting electricity to 
homes and factories 

“A metal rod, % percent iron and 
4 percent aluminum, is placed in an 
eight- inch deep porcelain crucible 
shaped like a test tube,” Dr. Siegel 
said in describing his wotk, which is 
illustrated on our front cover. “Then 
a cylindrical electric induction furnace 
is lowered to surround the crucible 
which is held in a vertical position. 

“After the furnace melts the metal, 
the heating unit is raised slowly from 
around the tube by clockwork, at the 
rate of an inch an hour. Complete 
cooling of the metal takes all day.” 

Slow c(joling makes the rod a single 
large crystal in which the atoms are 
piled up in neat layers, just as sugar 
cubes can be stacked in a box, the 
VV^estinghouse physicist said. In such a 


crystal the magnetism of each atom 
points in a single direction, producing 
the maximum magnetic properties for 
that material Normally, a molten metal 
cools quickly and the atoms are piled 
helter-skelter with their magnetic 
forces excited in many different direc 
tions. These forces counteract each 
other so that the magnetic effect is 
considerably smaller 

Slices from the crystals are used in 
electrical tests to determine how effi- 
cient a magnet the material will make. 
With these slices Dr. Siegel builds one- 
inch square transformer cores, hollow 
in the center. The cores are built so 
that the magnetic forces point along 
the edges of the square as if pursuing 
each other. 

Dr. Siegel intends to test other iron 
alloys until he finds the mixture that 
will give him the best possible mag- 
netic material for use in transformers. 
It wmuld be impractical, if not impos- 
sible, to make single crystals large 
enough for commercial transformer 
cores, he pointed out, but the material 
which tests best as a single crystal will 
probably bo best wdien developed for 
commercial use 

l)i Siegel’s work is a continuation 
of Westinghouse research which re- 
sulted in development of Ilipersil, an 
iron-silicon combination that is a one 
third better conductor of magnetism 
than any material used previously in 
transformers. 

STEEL MAKING 
Receives Electronic Science 
Witb Open Arms 

Etectrual engineers of the iron and 
steel industry have been among the 
most receptive users of new applica- 
tions of electronic tubes and photo 
cells— employing these devices in many 
ways to control their industrial proc- 
esses 

As a result of this open-minded atti- 
tude toward electronic-tube apparatus 
on the pai t of the steel engineers, elec- 
tronic devices now play an important 
role all along the line of steel produc- 
tion and fabrication. 

This w ide use of tube devices by the 
steel makers — an industry well-known 
for inflicting the most severe industrial 
punishment on its equipment — is there- 
fore striking testimony to the fine per- 
formance of electronic equipment under 
terrific industrial stress. 

And since steel making also involves 
enormous and heavy costly machines, 
continuously handling tons of molten 
metal at incandescent temperatures, the 
absolute confidence imposed in elec- 
tronic devices to control these great 
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mechanisms, j^ives proof of the do 
pendability and dnrability of presml 
electronic apparatus. 

In the production of steel, photo 
cells are used in both the open-hearth 
and Bessemer processes In the case of 
open-hearth furnaces, it is important 
to get the temperature as high as possi- 
ble, yet not to endanger the melting or 
breakdown of the furnace and furnace 
roof 

Photo-cell instruments enable furnace 
and roof temperatures to be continu- 
ously and accurately checked, so that 
safe limits are not exceeded. 

In the Bessemer process, a critical 
index is the color of the flame from 
the converter, determining when the 
exact instant arrives for shutting off 
the “blow,” Formerly, trained experts 
were necessary to supervise this opera- 
tion and to judge the color changes 
exactly Now, photo cell color compar- 
ators are employed w'hich detect the 
exact color-changes w'atched for, and 
give mistake- proof signals when neces- 
sary chemical reactions have been com 
pleted 

Keveismg mills and cut-off saws are 
now photo-cell controlled As liuge 
incandescent billets come cut from he- 
tw'cen the rolls, a photo-cell catches 
sight of the red-hot mass of metals and, 
at the precise instant, reverses the 
mechanism to send the billet hack again 
through the rolls Cut-off saw^s operate 
in the same way, actuated by eithei hot 
or cold material 

Strip width and centering <ire also 
electronically controlled in modern steel 
mills, eliminating close human atten- 
tion For scanning strip for pinholes, 
photo-cells take the place of human 
eyes and throw out defective sections 
Many electronic tubes are also used 
in connection with control relays - 
Orestes H. CaldzveJl, Editor of Elec 
trouic Industries 


minute values tolerable in high-speed 
machines 

A test of this duration also provides 
a means for studying the changes in the 
characteristics of the metal under pro- 
longed conditions of high temperature 
and stress, and determines whether the 
material becomes stronger or weaker 
during the 11 years or the 100,0(K)-hour 



period Such tests are necessary for 
improving the design of steam turbines 
^o they can operate at higher tempera- 
tures 

The rods tested were each foui -foot 
specimens of nickel-chrome-moly steel 
( S A ]£ 4340), 0 505 inch in diameter 
\ 12-inch portion at the center of each 
lod constituted the test area. Tempera- 
ture of the furnace was maintained at 
tS42 degrees. Fahrenheit, the lods were 
subjected to constant stresses of 13,000, 
17,000, 21,000, and 25,000 pounds per 
sepia re inch respectively. In the 100 
000 hours the No 1 rod with the con- 
stant stress of 13,000 pounds per scpiarc 
inch stretched 0 928 mils per inch of 
length, or about one thousandth of the 
12-inch portion tested Extensions of 
the other thiec rods were 1 398, 2 729, 
and 4 166 mils per inch of length 


PALLADIUM 


CREEP TEST 
Gives New Data to 
Turbine Designers 

ioo,ooo-iiouR high-temperature 
creep test — the longest on record — for 
four rods of high-strength alloy steel, 
begun when Herbert Hoover was in 
the White House, was recently com 
pleted by the General Electric Com- 
pany. The four rods represented one 
of the best known alloy steels for 
high-strength forgings and holts re- 
quired in the manufacture of steam 
turbines. 

The test was made to determine what 
stresses could be used at temperatures 
where all materials are plastic, without 
causing deformations larger than the 


Will Find Increased 
Use in Jewelry 

CoMMENTiNi. on the lecent oider of 
the War Production Board restricting 
the use of platinum in jewelry, Charles 
luigclhard, of Baker and Company, 
Inc, leading authority on platinum 
metals in the United States, concurs 
in the recommendation of the Board 
concerning the use of gold and palla- 
dium instead of platinum. He states 
that the jewelry trade is indeed for- 
tunate in that it has available, without 
K'striction as to its use, ample supplies 
of these metals. 

Mr. Engelhard advises that “palla- 
dium is available in sufficient quanti- 
ties to furnish the jewelry trade with 
a satisfactory alternate for platinum. 



Left: A final chock is made on the 
creep-test rods before removal from 
the furnace. Above: Withdrawing the 
first of the four 100,000-hour test rods 


and that the major sources of supply 
lie in Canada, Alaska, and South 
America, Even though palladium is 
more rare than gold or platinum, as 
considered from the point of view^ of re- 
covery from ores or other natural de- 
posits, it is today possible to efTect its 
recoveiy in worthwhile commercial 
(juantities by modern metallurgical pro- 
cesses developed over the last decade ” 

He added that “palladium has been 
used for jewelry manufacture, some- 
times in alloy form with other mem- 
bers of the platinum family. These 
allovs have the required strength and 
hardness for rings, and for the setting 
of gems with secuniy, and they can 
he readily worked into delicate, lacy 
designs for pins, biooches, and other 
larger pieces ” 

Palladium is lighter in weight than 
platinum, is about as heavy as 14K 
yellow^ gold, and has a cuirent market 
value approximating 70 percent that 
of platinum Its color is admirably 
suited for the setting of diamonds and 
it haimonizes with the colors of other 
gems 

PINE PLASTIC 

Resin and Yesetable Fibers in 

Newly Announced Material 

NFW plastic composition, which 
can replace steel or other metals in 
nriny uses, has been developed from 
vegetable fibers and a resin from 
Southern pine trees, according to G. R. 
Stark, vice-president of The Patent and 
Licensing Corporation. Mr. Stark said 
that the resin is made only by Hercules 
Powder Company from the wood of 
the Southern pine in its naval stores 


FEBRUARY 1943 • SCIENTIFIC AMERICAN 


61 


SCIENCE IN INDUSTRY 


plants in Georgia and Mississippi, and 
IS now available without priorities. 

Announcement of the new plastic 
followed within three months the an- 
nouncement by Hercules chemists of 
another plastic, soft ethyl cellulose, 
found suitable to replace rubber in 
many articles. 

Lightweight but sturdy, these new 
oonipositions can be used instead of 
steel or other metal for many purposes 
such as structural members, pipe, wall 
panels, air conditioning ducts, corru- 
gated sheets, and so on. 

'Fo make this plastic, the resin- 
tieatcd fiber is turned out in sheets 
on standard paper-making machinery 
'fhese sheets are hydiaulically pressed 
together to make compositions which 
are hard, dense, stiff, but not brittle 

SYNTHETIC CORUNDUM 
Whitt Sapphire Now 
Man-Madtdn-Aiiitrioa 

Synthetic white sapphire — the min- 
eral corundum unpigmented and of 
gem quality — is now available in the 
form of boules, each weighing at least 
150 carats and of a regukir cylindrical 
shape, enabling gem cutters to stand- 
ardize on cutting and sawing pro- 
cedures Instigated by the need of a 
domestic source of industrial gems, 
the manufacturer, The Linde Air Prod- 
ucts Conqi.iny, in less than two years 
equalled and, in some respects, has sur- 
passed the quality of European gems, 
formerly the only synthetics obtainable 
Since domestic production started, it 
has grown so that it is now capable of 
handling the entire military demand 
for all the United Nations 

Mineralogically, the hardness of the 
Ameiican white sapphiie is exceeded 
only by the diamond Once they are 
cut, the jewels are also surprisingly 
tough in terms of resistance to break- 
age by impact. Moreover, because they 
have a melting point of over 3700 de- 
grees, Fahrenheit, they aie also heat 
resistant to a high degree. An addi- 
tional advantage is the boules’ uni- 
formity of size and shape, which leads 
to economical cutting 

Many essential uses are already 
being made of jewels cut from these 
synthetic boules Among locations 
where they serve economically are as 
the jewel bearings of chronometers, 
compasses, and electrical, fire-control, 
and aircraft instruments. In such in- 
struments, they arc employed in the 
form of ring bearings or V-type and 
cup-type end bearings. Pallets are also 
made for watch escapements. 

Other successful, although still ex- 
perimental, uses of the white sap- 
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phi res are as thread guides in the 
manufacture of rayon, as orifices for 
flow meters and oil-burning equipment, 
and as insulators in gas-filled or 
vacuum thermionic devices. Indica- 
tions arc that they are also suitable 
for use as Diesel-engine injector noz- 



American-made synthetic sapphire 
boules. At left is a 200-carat boule 
typical of present commercial produc- 
tion« while at right is one of the larg- 
est sapphires yet made — 350 carats 

/Ics. cib rollers for small needle bear- 
ings, and for cutting tool tips to per- 
form high speed finishing operations on 
cei tain non-ferrous metals Their com- 
plete chemical inactivity wdien exposed 
to all types of corrosion, except strong 
mineral acids and alkalies, may suggest 
additional uses to designers of chemical 
equipment 


PRESERVATION— The value of wood pres- 
ervotion — both for war and civilian use 
— IS being realized, as indicated by the fact 
thot in 1941 an increase of 20 percent was 
recorded over 1940 in the amount of wood 
preservotion 


SABOTAGE 

War-Production Linos Art 
Won Protoetod 

Saboteurs aren’t going to have much 
chance to throw monkey wrenches into 
America’s fast moving war-production 
line, if government plant protection 
officers have anything to say about il 
Precautions being taken against enemy 
agents in war plants were described 
1 ecently by Lt. Colonel James C. 
Sawders, chief of the plant protection 
and safety branch of the Chemical 
Warfare service. 

Special attention is being given in 
all plants working on war orders to 


fire prevention, fencing, and protective 
lighting, investigation of personnel, 
hiring of new employes, adequate plant 
guard forces, and protection of confi- 
dential documents, blueprints, and spe- 
cial tools. Col. Sawders said. Vital 
plant facilities and equipment such as 
water supplies, power plants, and stores 
of industrial explosives are being 
closely guarded, he added. 

Speaking of hiring practices in war 
plants, Col. Sawders said: *Tt is highly 
important that we know a lot about 
the people who work on important con 
tracts. The infiltration of enemy spies 
into plants in positions of trust must be 
avoided at all costs. All employes in 
plants working on government con- 
tracts are now fingerprinted and a good 
portion are given physical exainina 
tions We are particularly interested 
in the examination of food handlers 
since it is most essential that they have 
no communicable diseases.” 

Col Sawders mentioned that good 
plant guards are hard to get. lie de- 
fined good guards as alert and vigorous 
men of good health between the ages 
of 30 and 45 “Younger men are all 
1 ight hut men of more mature judgment 
are preferable,’’ he said. 

“I bclic\e there are comparatively 
few misguided idiots who think our 
enemies are trying to build a better 
world or who, for pecuniary considera- 
tions aie willing to risk their necks,” 
Col. Sawders said, “but this does not 
mitigate the possibilities of s.abotage 
and we must be continously on the 
alert You never can tell when, where, 
or how those fellows wdll strike and 
you may be sure they will strike in 
places where it will hurt most, parti- 
cularly if they are directed by enemy 
agents who are ne\er selected for their 
work unless they are ])eople of con 
sidenihle talent ” 

PROTECTIVE CLOTHES 
Arf FlRRie-ProoL Rtiittant 
to Woar and Taar 

NEW type of piotecti\e industiial 
clothing known as Ply Garb is flame- 
proof, preventing serious injury from 
spontaneous magnesium fires and in 
other hazardous manufacturing opera- 
tions Made of featherweight but tough, 
plastic, laminated cotton cloth. Ply 
Garl) sleeves and aprons offer maxi- 
mum comfort and freedom of move 
merit. Fhe sleeves feature special air 
vents to guard against excessive per- 
spiration. Ply Garb fabric is said to be 
sturdy enough to resist tears, snags 
on rough surfaces, and cracking. It is 
flexible enough, however, to resist wear 
and afford complete comfort. 
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INDUSTRIAL 

TRENDS 


THE FUTURE IN THE AIR 

S^NHAV supploiiicnts and occasional ]>ieces in the daily 
pi ess have pictured the airciaft industry in general as being 
in the chrysalis stage of becoming the transportation means 
of the future, awaiting only the end of World War II to 
burst forth and take over the entire job of railroads, auto- 
motive highway vehicles, and steamships In particular, 
these purveyors of news have dwelt on the cargo-carrying 
possibilities of the future, predicting all sorts of fantastic 
types, capacities, and species 

I'here is no doubt that the airlines, the aircraft industry, 
and cargo carrying by air will leap forward after the war, 
stimulated by lessons learned and problems solved under 
the stress of military necessity I low fn, these components 
of air transportation will leap, however, is subject matter 
foi calm, serious thinking, based on past performances and 
])iesent operations (so far as they are known under the 
limitations of military secrecy) 

I^robably the best way to guide such thinking is to har 
\est and digest a group of present and post-war “straws in 
the wind,” gleaned largely fiom airline and aircraft manu- 
facturer’s repot ts, from the recent Air Cargo Kngineenng 
meeting of the Society of Automotive bngincers, held in 
( hicago, and elsewhere Thus 
On the Airline hVont ' So gre.it has become th<‘ demand 
foi air caigo space that new commercial all caigo schedules 
ha\e been put into effect by many of the major lines These 
set vices must not be confused with the military cargo serv 
ice that the same lines are operating under the Air Transport 
(Command of the Aimy Air Forces 1'his new seivice is 
stnctly commercial . Although the airlines have only 
half as m.iny planes available as foimerly, the heavy volume 
of business may be enough to enable the aii lines to handle 
at least as much commercial business as they did a year ago, 
if not more . Hy the end of 1043, Aimy Air hVirce 
commanders have indicated, air cargo transportation will 
aiiproach, if not reach, parity with wartime ocean shipping 
One airline says that, although at the time of reporting 
tlu'y h.ad only 3600 employees, the jobs they had been given 
to do would reiiuitc expansion to possibly 10,000 employees 
. Compare this with the total iicisonnel of all United 
Slates air transport groups, as reported by the Civil Aero- 
nautics I3oard, of 23,890, as of June 30, 1941. . . . While 
practical airline operators do not share the over-optimistic 
views of some regarding the future, they are all certain 
of a substantial increase in business, once equipment and 
manpower are made avail.able to them . . . Again referring 
to the CAB : It is their estimate that, assuming normal prog- 
less, and using as a basis the 12-month period ending April 
30, 1942, six billion passenger miles will be flown annually 
by 1946, on domestic airlines. During the 1941-42 period 
mentioned only one and one-half billion revenue passenger 
miles were flown. . . To do this job the Board states that 
a seating capacity of 25,000 will be required, or the equiva- 
lent of 1200 planes of the si/e of the DC-3. This would be 
about five times the capacity of the 1941 domestic airline 
fleet ... In international operations, and with similar 
qualifications as for domestic work, the Board estimates 
that, shortly after the war, iriternational passenger traffic, 
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under American-flag operation, will increase at least six 
times , mail and express at least eight times 

From the Standpoint of the Aircraft Industry: Prepara- 
tions for post-war work have gone by the board, but 
experience in military construction has shown that 100-ton 
cargo planes are entirely possible. . . . They may not be in 
use tomorrow or even next year, but the manufacturers are 
doing something about them . . . For post-war continuance 
of operations, manufacturers of training planes will be 
in the forefront for making private planes ; bomber and 
cargo ship builders will be in the driver’s seat as far as 
passenger and freight liners arc concerned . . . However, 
success in these fields will largely be determined by the 
government’s action regarding excess military planes If 
thousands of training planes, bombers, and cargo planes 
are dumped on the market .at a fraction of their cost, many 
manufacturers will be hard-put to weather the storm. . . 
On the other hand, if goveinnient decree is — as many of 
us hope — to maintain a large air force after the war, a 
certain amount of military manufacturing will be carried 
on and there will be little or no dumping of pl.ines . . 
American manufactuiers of large numbers of war-time 
cargo planes have one advantage in the international field * 
Mo other member of the FInited Mations is now building 
such equipment, and hence will not be in a position to 
compete in post-war markets . . Cost of manufacture is 

cl factor that will bear close watching after the war Opera- 
tions tod.ay arc largely “regardless of cost ” Later, they 
will have to be governed by the one element that toclay is 
disregarded. 

More About Cargo Carrying: Intensive developments in 
military cargo planes will probably form the basis of post- 
w^ar operations . Planes now .available for huge military 
cargoes will be tailor-nicade for peace-time work Cargo 
planes will not necessarily all be large d hey will be built 
for specific services, the larger planes being used for long 
ranges where their greatest economy will be available. . 
While planes will not supplant othet shipping methods, 
they will become invaluable adjuncts . . Cargo plane 
design will evolve as time goes on. Possible features of 
future ships will include high wing construction for con- 
venience and safety on the ground; tricycle landing gear 
for level position of fuselage when being lo.aded , box-like 
cargo compartment with large loading doors, smoke de- 
tectors, and automatic fire extinguishing nic.ans 

The foregoing constitutes a pre-selected bird’s-eye view 
of the whole situation of .aerial transportation, as it appears 
tod.ay from this vant.age point Subject to change as tech- 
nological developments dictate, and .as governmental policies 
on the sale of materials, on taxation of the industry, and 
on the maintenance of adequate air fighting forces develop, 
it gives a basis on which to predicate future trends 

RAMIE ON THE WAY 

Tf.xtiie development, urged on by war requirements, is 
bringing forward ramie, forn erly obtained .almost exclu- 
sively from China, but now being grown in Florida This 
fiber, subjected to scientific study and experiment, is now 
produced in extremely pliable form, soft, white, and silky. 
As formerly processed it was dur.able but not sufficiently 
flexible for many purposes. Although ramie fiber can be 
used alone, probable applications of it in the future will 
be as a blend with other fibeis For example, it is stated 
th.at, mixed with wool, ramie gives better wearing qualities 
and prevents shrinkage when the Fabric is laundered or 
soaked with water. 
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Two New Discoveries 


A New Star, 1 00,000 Times as Bright as the 
Sun; and an Old Cometary Puzzle Solved 


HENRY NORRIS RUSSELL, Ph.D. 

Head of the Department of Astronomy and Director of the Obeervo- 
fory at Princeton University. Research Associate of the Mount 
Wilson Observatory of the Cameflie Institution of Woshlnpton 


T WO recent astronomical develop- 
nicnts, thoufi^h unrelated, may be 
described this month 

The most n()t<d)le, of course, is the 
appeal ance of a brilliant nova in the 
southern constellation, Puppis It ap- 
pears to have been first noticed by 
Dawson, at Cordoba, Arg^entina, on the 
moinmj^ of November 9tli, wlien it was 
a little fainter than the first mafjnitude 
Dining the next two days it increased 
in brij.^htness, and was independently 
discovered by half a dozen or more 
astionomeis — amateur atid professional 
— befoie the news was sent out from 
the astronomers’ ‘‘news center” at Har- 
vard the next day Its maximum brij^ht- 
ness, according to reports so far avail- 
able, was about 0 4, surpassing Procyon 
and nearly etjual to Rigel , then it faded 
rapidly, and at the time of writing it is 
barely, if at all, visible to the unaided 
eye 

Had It appealed four months later, 
it would piobably have been inde- 
pendently discoveied by scores of peo- 
ple , but at the time of discovery it 
ciossed the meiidian at about 5:30 
A M. by “war time” and rose above 
the haze of the horizon perhaps an hour 
and a half earlier, .so that only early 
riseis had a chance at it 

it was well within the range of the 
gieat obsei vatories, and spectra were 
promptly obtained They showed the 
charactei istic w ide emission bands, 
with unusually wide absorption lines 
to the violet, indicating that, as in other 
novae, an expanding shell or envelope 
of gas IS moving outward from the star 
at velocities of the order of 1000 kil- 
ometers per second. 

Lines of hydrogen, ionized iron, 
titanium, magnesium and silicon, and 
of neutral oxygen have been identified 
— which shows that we have to deal 
with an ordinary nova spectrum and 
not with the supernova type in which 
the wdde bands have not yet been iden- 
tified The rate of expansion, too, is 
moderate for a nova, and by itself does 


not indicate an outburst of exceptional 
violence. However, the actual luminos- 
ity at maximum must have been high, 
for the interstellar H and K lines of 
calcium arc strong, indicating a great 
distance, wdiich was provisionally esti- 
mated, at the University of Michigan, 
as 1600 light-years This is of the same 
order of magnitude as those which have 
been derived for other bright novae of 
recent years, and makes its absolute 
magnitude about —8 at maximum — 
coricsponding to 100,000 times the 
light of the Sun 

Hefore the outburst, this star was 
exceedingly faint. No trace of it has 
been found on plates taken with the 
great 24- inch camera of the Harvard 
Station at Bloemfontein, wdiich, with 
an exposure of three hours, go down 
almost to the 18th magnitude It must 
then have been more than 17 magni- 
tudes fainter than at maximum — that 
is, hardly more than one ten-millionth 
part as bright— and may have been 
fainter still. With the estimated dis- 
tance, this gives a real brightness less 
than one percent of the Sun’s, making 
it emphatically a dwarf star. Whether 
it was a white dwarf or an ordinary red 
one, we shall probably never know. Hut 
this huge increase in brightness is al- 
most without precedent. Nevertheless, 
all the evidence, though still .scanty at 
the time of writing, indicates that this 
IS an ordinary nova, though a bright 
one 

I N DUE time, our knowledge of this 
■ nova should be detailed. It will be 
observable from northern latitudes for 
four months to come, and from south- 
ern observatories practically the year 
round, so that there should be no seri- 
ous gaps in the record. 

Meanwhile, we may consider a quite 
dififerent, and rather puzzling, aspect of 
the general problem of novae. During 
the first half of the 20th Century— with 
eight years still to run — there have 
appeared .seven novae which, at maxi- 


mum, were of the second magnitude or 
brighter. Nova Persei of 1901 reached 
the magnitude 0.0; Nova Aquilae, 
1918, rose to —1.4; Nova Cygni, 1920. 
to 15; Nova Pictoris, 1925, to 1.0, 
Nova Herculis, 1934, to 10; Nova 
Lacertac, 19^36, to 2 2, and 1942 brings 
Nova Puppis of magnitude 0.4 This is 
at the rate of one nova in six years, 
or 16 per century. Yet during the whole 
19th Century only two new stars were 
ever as bright as this — Nova Coronae 
Borealis of 1866, which reached the 
second magnitude, and hTa Carinae, 
which for some years about 1843 was 
brighter than Canopus and of magni- 
tude — 1. The latter, with its slow and 
irregular variations (it is now of the 
8th magnitude) should not be regarded 
as in the same class as ordinary novae. 

Three galactic supernovae are on 
record, Kepler’s in Ophiuchiis (1604), 
I’ycho’s in Cassiopeia (1572), and, 
hi ightest of all, the one in Taurus 
(1054) which formed the Crab Nebu- 
la All these appe.ired brighter than 
Jupiter, and far exceeded any fixed 
star Apart from these, the three 
brightest of recorded novae have all 
appeared within living memoiy and 
one of them is now fading in the skies 

l^oT a single reliable record of a nova 
has come down from the 18th Cen- 
tury It might be argued (though with 
no great plausibility) that astronomers 
then were fewer and less on the watch 
lUit this explanation can hardly be 
applied to the 19th Ctmtury, when as 
tionomcis, though not so numerous as 
today, were much more used to looking 
diiectly at the skies, and had on the 
average a much better personal ac- 
(|uaintance with the constelbations I'he 
suggestion that during the century a 
dozen or so temporary stars appeared, 
bright cnougli to be conspicuous to 
the most casual glance, and to cluange 
the familiar pattern of the constella- 
tion in wdiich they were found, and 
that not one of them was noticed by 
professional astronomer, amateur oi 
mariner — except one faintish object in 
1866— IS quite unbelievable. It is hard 
to escape the conclusion that the reason 
why no novae of the first magnitude 
were observed in the last century is 
because none were visible. 

There is of course a possibility that 
a bright nova appeared in some part of 
the sky which was close to the Sun at 
the time, and faded out before this 
region got clear of the dawn. This 
almost happened, in fact, for the super- 
nova of 1054. But the list of 20th Cen- 
tury novae includes those actually ob- 
served and would be equally subject to 
such vicissitudes. 

It seems, therefore, that the accumu- 


SCIENTIFIC AMERICAN • FEBRUARY 1943 


64 



ASTRONOMY 



CowrtMy Th« Attrophyticol Journol 


Comparison of two spectra, the upper that from a laboratory 
experiment by Herzberg, the lower that of a typical comet 


lation of bright novae in the first part 
of the present century is merely a mat- 
ter of chance. It would be hard to 
think of any phenomenon that could 
be more certainly trusted to be “at 
random” than the iippearance of a nova. 
1'he actual outbursts of the stats take 
place in regions of space hundreds of 
light-years apart, and it is almost in- 
conceivable that one could influence 
another. Moreover, we record, not the 
time of the catastrophe, but the time 
when we saw it, after many centuiies 
of light-travel Ob.scrvers 50 light-years 
from the Earth — only a small fraction 
of the distance of the novae — would 
see some of them 50 ye«irs earlier than 
we, and others 50 years latei , and the 
order of their appearances, and the 
bunching of these in time, would be 
very different 

We can not be sure, however, 
whether the dearth of novae in the 
lOtli Century, or the plethoia m tlu‘ 
JOth, is more nearly i(‘present«iti\e <>t 
the general avei age If they keep on 
appearing at the same a\t‘rage rate toi 
the next 40 years or so, our successors 
may shift to the view that the (|ueei 
lun of luck happened in the 10th ( en 
tury. 

Or perhaps they may turn to the 
principle familiar to e\ery Liw\ei. 
that the testimony of many tnistw'oi thy 
w itnesses who swear that they didn t 
see something, does not count against 
that of one trustworthy man wdio 
swears that he did, unless it can he 
proved th«it the fiist lot of folks were 
looking the light way’ 

^OMINO hack to the solar system, we 
^ may note a second important dis- 
covery — one regarding the spectra ot 
comets. 

Most of the bright lines and bands 
in cometaiy spectra have been identi- 
fied, anil arise from compounils of the 
familiar light elements, (^, Cll, C’X, 
Nil, OH, and so on — all molecules 
composed (ff two atoms only- -frag 
meiits of the molecules familiai in the 
chemical laboratory, which arc paitly 
but not ( ompletely dissociated oi de 
composed, probably by the action ot 
very .shoit-wave ultra-violet light from 
the Sun One group of bands, com 
posed of lines so closely packed that 
each group looked like a wide line, in 
the vicinity of 4050A, has defied iden- 
tification. 

Swings, comparing the spectra of 
comets at different distances fiom the 
Sun, found that, for those outside the 
orbit of Mars, the unknown bands were 
strong, and the well known bands* of 
Ckl at X4313 were very weak. At the 
Earth’s distances, the former are about 
the same, but the latter strotiger ; at 


V enus’ distance, the two are ecjiial . 
and, for a comet observed inside Mer- 
cuiy's orbit, the unknown b.inds were 
very weak and the others strong 

1 he strengthening of the Cll hands, 
which are known to be produced by 
a product of dissociation, as the in- 
tensity of the sunlight increases, is easy 
to understand, while the weakening of 
the 4050 group suggests that they may 
be produced by some substance which 
tends to be decomposed by the more 
intense radiation 

Following this clue, llerzberg, of the 
Cniversity of Saskatchewan, showed 
that the stiucture of the bands is what 
might be expected in the spectium ol 
a molecule containing not two, hut 
thiee, atoms (provided that the Ihiee 
are nearly, but not cjuitc, in a stiaight 
line) brom the close spacing of the 
bands, it followed that this molecule 
had a very small moment of inertia — 
which would be possible only it the 
two outer atoms were hydrogen fins 
rc’asoning suggested that the molecules 
might be Ciii. To settle the question. 
It was necessary to produce the s|>ec- 
tium of this molecule in the laboratory 
— and here Dr. Ilei /berg’s well-known 
skill has scored again 'I'he obvious 
suggestion was to use methane ga-s. 
CH4, hut, on introducing this into an 
ordinary vacuum tube, only the spectia 
of atomic and molecular hydrogen were 
obtained with faint bands of t H 
l''vidently the methane molecules were 
being so badly abused by the dis- 
charge that they quite fell apart, 
leaving only a few in the last stage 
preceding complete decomposition It 
was noticed, however, that immediately 
after turning on the discharge the light 
emitted was of a bluish white color, 
which soon turned pinkish This sug- 
gested using a tube through which the 
methane was streaming continuously — 


flowing In at one end and pumjied out 
at the othei — and tuining the discharge 
on for a fraction of a second every few 
seconds 4'he s]>ectrum of such an in- 
terrupted discharge showed a new 
gioLip of bands, which proved to be 
identical in detail with the X4050 group 
observed in comets 

It IS evident that this spectium must 
be emitted by methane or one of its 
decomposition products CH^, CIE, or 
( Hj I^'rom the conditions of its pro- 
duction. It is probable that it comes 
from the last of these stages 'the 
(luestioii can be settled by a detailed 
analysis of the structine of the l)«inds 
— rc'^olving them into separate lines 
by a powerful spectroscope — and ller/- 
herg reports that this investigation i.s 
now' under way 

THE i.A.ST important pu/zle in com- 
* etary ''pectra is thus cleared up Its 
solution presents a fine example of the 
combination of results obtained in quite 
different ways. The astronomci, ob- 
serving the faint light of comets with 
s])ectroscopes especially designed to be 
powerful enough to get results, but not 
so powerful that they would he un- 
able to get a developable image in the 
available exposure time, discoveied the 
relation between the intensity of the 
hands and the comet’s distance from 
the Sun i he theoretical physicist, em 
ploying the intiicate theory of the 
spectra of polyatomic molecules, found 
that the cometaiy bands probably arose 
from a molecule of three atoms, two of 
which were hydrogen. Being also a 
first-rate laboratory spectioscojiist. he 
devised conditions in which just these 
partially dissociated molecules were 
present in large numbers in his tube, 
observed their spectra, and completed 
the proof . — Princeton University Ob 
servatory, December 4, 1942. 
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Celestial Navigation 

A Specimen of the Kind of Studies which the Youth 
of the Marine and Air Services are now Pursuing 
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T oday, the anxious plig^ht of a war- 
torn world calls for the supreme 
effort from every qualified navigator 
to aid in the safe guidance of our 
loaded surface sliips over the uncertain 
waters of the world’s seven seas, and, 
in addition, the shaping of courses for 
aircraft on long range combat flights 
above or below the clouds. 

The strenuous war program neres 
sitates an extremely simple and ele- 
mentary method for the rapid training 
of hundreds of youthful navigators 
'Fhis calls for practical, simple, and 
un involved instruction. 

The principles of celestial naviga- 
tion are based on the science of nauti- 
cal astronomy, but young mariners need 
not be astronomers, though they must 
become familiar with certain technical 
terms, also with the general nature of 
the universe with which they deal. 
Therefore the beginner is concerned 
only with two revolving spheres, the 
rotating earth turning eastward on its 
axis, and the great celestial dome of 
stars, rotating on the same axis ex- 
tended and appearing, because of the 
earth’s eastward lotation, to turn 
westward around the earth. 

Vertically over the navigator’s head 
on this celestial dome is his zenith 
All points directly over other points on 
the earth’s surface are the zeniths of 
those points. The geographical posi- 
tion, then, of any heavenly body with 
relation to the caith is a point on its 
surface that has the celestial body in 
its zenith. This point is determined by 
its co-ordinate of latitude, which is 
equal to the declination of the body, 
and its other co-ordinate of longitude, 
which is equal to the Greenwich hour 
angle of the body. All co-ordinates for 
any heavenly body seen at any given 
instant of Greenwich meridian time 
are recorded with respect to the 
equinoctial in the seaman’s Nautical 
Almanac issued annually by the 
United States Naval Observatory, at 
Washington. 

The mariner at sea invariably deals 
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directly with objects seen on or above 
his horizon, and with imaginary 
circles passing through his zenith, 
called vertical circles. The azimuth, or 
true bearing of a celestial body in the 
sky, is the angle at his zenith measured 
by an arc of the horizon between his 
meridian and the vertical circle pass 
ing through the sun or star The tiue 
altitude is the angular distance in arc 



from the plane of the horizon, measured 
on a vertical circle passing through the 
body from 0° to 90°. From this it fol- 
lows that the zenith distance is the 
angular distance from his zenith, and is 
equal to the complement of the altitude 
Thus it is seen that the position of a 
heavenly body with relation to the 
horizon is given by its altitude and by 
its true bearing, or azimuth. 

IT IS well here to explain in a general 
■ way to those who are not navigator. s 
what the real problem is that confronts 
the young navigator. Observations, or 
“sights,” of sun, moon, or star, taken 
by a mariner with marine sextant, or 
bubble octant, consist in the measure- 
ment of arc of altitude of that body 
above the horizon (azimuth cannot yet 
be accurately measured). Wliat that 
observation gives is, in effect, the 
zenith distance of the body for some 
specified instant of Greenwich time as 
shown by the navigator’s watch, whose 
error is always known from daily com- 
parisons made with radio time signals 
received at the ship from stations on 


shore, a routine procedure at all times. 

The data then obtained from his 
Nautical Almanac for this observation 
are the celestial body’s co-ordinates of 
declination, or the body’s angular dis- 
tance north or south of the Equator 
or equinoctial ; and its other co-ordi- 
nates, the Greenwich hour angle, or 
angular di.stance of the body away 
fiom the prime meridian. In other 
words, it is the longitude mca.suted 
westward from the initial meridian of 
Greenwich, England. 'Fliis enables a 
point on the earth’s surface, which has 
the body in its zenith, to be readily 
plotted on a globe, or on the mariner’s 
marine chart, d'his point is called the 
siib.solar point in case of the sun, the 
sublunar point in case of the moon, and 
the substellar point in case of star or 
planet. It is generally known as the 
heavenly body's geographical position 
and is plotted on the earth by its co- 
ordinate of latitude (declination) and 
its co-ordinate of longitude (Greenwich 
hour angle). 

As PREVIOUSLY stated, the “.sight” foi 
altitude gives the true zenith dis- 
tance of the body observed, or the 
angular length of a radius from the 
celestial body to the navigator’s zenith. 
If, now, a small circle be drawn on 
the earth’s surface, having its center 
at the body’s geogiaphical position 
and with its angular radius equal to the 
body’s zenith distance, then the navi- 
gator knows that he must be located at 
some point on this small circle on 
which all measured altitudes of this 
celestial body, where\er on the entire 
earth’s surface these measured altitudes 



are found to be, are the same at this 
chosen instant of Greenwich Civil 
Time. 

If, now, tzvo observations of a body 
are taken at different intervals of time, 
or if two different bodies are observed 
at the same instant of time, then two 
circles of altitude may be drawn. These 
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circles will, of course, intersect in two 
points. The one selected is the point 
nearest to the navigator’s estimated 
locality, or what is known as his dead 
reckoning position (Figure 1). 

Asa practical illustration, suppose a 
sight of the sun is observed and the 
altitude measured with sextant «as 20° 
above the horizon, thus giving a zenith 
distance of 70®. fn Figure 2, let G be 
a place on the earth’s surface at which 
(he sun is vertically overhead at the 
njoment of observation. Then this one 
observation shows the navigator to be 
at a distance (7 of 70° x 60 (eacli 
degree of zenith distance corresponds 
to 60 nautical miles). Therefore, he 
must be somewhere on the circumfer 
ence of the small circle DMQ, the cen- 
ter of which is G, and the radius 4200 
nautical miles, and he may be presumed 
to be on that portion of the circumfer- 
ence which passes near his dead reck- 
oning position. Let A be any assumed 
point on some integral degree of lati- 
tude near the navigator’s estimated 
position He then also assumes a longi- 
tude, or, what is equivalent, he assumes 
a local hour angle from his own 
meridian and then proceeds to solve the 
spherical astronomical triangle PMZ 
shown in Figure 3 

I'o arrive at his solution by this 
method, the old-time navigator usually 
required some 20 minutes or rnoie, be 
cause a long, nerve-trying process was 
used, employing many logarithms, to 



figure 3 The old method 


find the value of the latitude and azi- 
muth of this heavenly body at his ap- 
proximate position. In those earlier 
days of marine navigation, when all 
the sights were computed by a lengthy 
logarithmic process utilizing many 
numerical figures in the solution of the 
astronomical triangle, there was a 
large chance for the occurrence of 
many mathematical errors. But the 
navigator of today shoots his sight at 
any time of day or night and works 
every observation with the same uni- 
form process to give him the line of 
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position without all that complexity. 

Now, in a simpler method, suppose, 
in Figure 2, that the zenith distance 
at A is cofnputed and found to be 
70° 10', and at the same time the sun’s 
azimuth is computed and found to be 
135° from north. Then GA equals 
4,210 miles and AD equals 10 miles in 
the direction 135°. That is, AD is the 
difference between the true zenith dis- 
tance as found from the observation 
sextant and the computed zenith dis- 
tance as found from the astronomical 
triangle PMZ. 

Figure 4 shows how the arc AD 
and the arc EF of the circle of equal 
altitude is laid down on the mariner’s 
large-scale working chart Since these 
two arcs are extremely short in com 
parison to their long radii, they will 
be, for all practical purposes, straight 
lines. We then lay off from /i a straight 
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Toking a sight of the sun 

line AD, known as the altitude intei 
cept, representing 10 miles — the differ- 
ence in minutes of arc between the 
true measured altitude and the com- 
puted one — and in the direction 135° 
toward the sun, (since the true altitude 
is greater, but away from the sun, if 
the true altitude were the less) and 
through D we draw EF perpciKlicular 
to AD. Then EDI^' will re])resent a 
small portion of a ciicle of equal alti- 
tude, or what is known as the navi- 
gator’s “line of position,’’ and the 
crossing of two lines of position will 
determine the “fix” of the ship, or its 
geographical position on the eaith 

IT IS evident that if the solution of all 
■ the different cases enumerated above 
are correctly tabulated for altitude and 
azimuth in a set of convenient tables, 
then the navigator need make no more 
mathematical calculations, for he can 
now solve his observation by inspec- 
tion of these tables in less than foui 


minutes of time, with no arithmetical 
errors creeping into the result. 

The Hydrographic Office of the 
Navy has selected just such a simple 
process foi all navigators to use, and 
this system is taught to all young 
navigators, for it is believed to be the 
best, the fastest, and most fool-proof 
method yet devised This is because 



Figure 4: The actual layout 


every “sight” is handled in the same 
simple, uniform manner. 

No doubt the ideal tables for any 
navigator with no fondness for mathe- 
matical calctilations is one with no 
interpolation, but the maker, or de- 
signers, of short navigational tables 
soon encounteied three independent 
variables in every spherical triangle 
solved, and allowing for combinations 
for each minute of arc from 0° to 
90°, it was noted that the preparation 
of such tables would involve tabulating 
the solution of 90* x 60* or 157,464.- 
000.000 separate spherical triangles 
which, at the rate of 1000 triangles 
computed a day, would take Bome 
400,000 years to compute and complete 
Tables of such voluminous proportion 
being entirely out of the question, the 
Hydrographic Office was completely 
satisfied with obtaining values for 
three variables cut down to the nearest 
integral degree ot latitiale, and each 
degree of hour angle wdth an ingenious 
scheme utilized for correcting for any 
odd minutes of declination These 
numerous computed values were neatly 
tabulated and clearly printed in nine 
flexible volumes containing belts of 10" 
of latitude, from the equator to the 
north or south poles, and entitled 
“ fables of Computed Altitudes and 
Azimuth.^' Each book contains 264 
pages, or about 2400 pages for the 
entire set of tables, and involves the 
solution of over 10,000,000 separate 
spherical triangles. 
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Something That’s Getting Better 

Not Wars, not Taxes, but Pubiic Heaith. Summarized 
improvements of a Quarter Century are Startiing 

T he health of the Aniericati people table of standardized death rates per 
IS bound to play an all-important 100,000 persons, 
role in the present war. On it depends The diseases of childhood and infan- 
tile maintenance of hig^h morale not cy- measles, scarlet fever, whooping: 
only in the armed forces of the nation, coug:h, diphtheria, and diarrhea and 
but in the civilian population as well enteritis — have been virtually eliniinat- 
riie workers on defense projects cannot ed as causes of death within this per- 
be expected to accomplish successfully iod. 'Fhis means not only that there has 
theg:reat job that still lies ahead if they been a very substantial saving: of life 

are not kept well and physically fit at these early agres, but that many of 

Fortunately, the country was never our young people living today have 
better fortified in point of health than been spared the disabling sequelae of 
today. Thanks to the succession of these diseases In consequence of this 
outstanding discovciies in medical situation, thousands are now available 

science and notable developments in for war service who, under former 

public health, we are now much bettei conditions, would have been rejected 
prepared for the hardships and vicis The death rate from tuberculosis 
situdes of modern warfare than we among the industrial policyholders has 
were 25 years ago at our entry into the been reduced to just about one fifth 
first World War since FI 17 This is a fact of particular 

This is clearly shown in the mortal impoitance in connection with the wai 
ity experience among the industrial effort, because tuberculosis finds many 
policyholders of the Metropolitan Life of its victims among those in the prime 
Insurance Company. 'I'heir death latc of life — that is, between the ages of 20 


CAUSE OF DEATH 

1941 

1917 

\\A Catses — Totai . 

615 5 

1264 5 

Typhoid ffvcT 

04 

12 0 

At cask's . 

OX 

102 

Scarlet fcvcM' . . . . 

0 5 

5 4 

WlKKijnng ( ouii?fi . ... ... 

07 

5.0 

Diphtheria 

0.7 

21.7 

Influenza . 

5 0 

150 i 

Pneumonia — all forms 

23 0 

1318 1 

TubcTLulosis — all forms 

40.9 

202 2 

Syphilis . 

9.1 

191 1 

Cancer — all forms 

84 5 

80.7 ! 

Diabetes mcllitus .... 

196 

17 1 1 

Chronic cardiovascular-renal diseases ... . 

262 8 

373.2 ' 

Diarrhea and ente^ltl^ 

2.0 

24 6 

Ajipcndicilis ... 

7.2 

11 6 

Puerperal state — total 

4 6 

17.2 ; 

Accidents- -total (excluding war deaths) 

50 0 

84 3 j 

.Automobile accidents . .... 

20.4 

100 


in the age group one to 74, adjusted and 50~-the very people on whom fall 
for changes in color, sex, and age dis- the chief burden of prosecuting the war. 
tribution, has been reduced slightly Syphilis is another disease concen- 
more than 50 percent in the course of trated mainly in youth and middle life, 

the last quarter of a century. In this that unfortunately tends to spread in 

reduction in the general mortality the times of war. The mortality from syphi- 

death rate from practically every im- lis among the Company’s industrial 

portant cause of death individually took policyholders is less than half of what 

part, as shown in the accompanying it was in 1917, and the outlook for its 


• That medicine in our timet is moking 
vast strides is a commonplace — too common- 
place, in fact, since many of us connot keep 
up with its odvonces. Thus it could come 
about that on overall reckoning ot the end 
of o given period of years might toke us by 
surprise, exceeding our most optimistic im- 
pressions. This is hovir such o reckoning, 
published in the monthly Statistical Bullatin of 
the Metropolitan Life Insuronce Compony, 
struck the editors of Scientific American — 
even better thon they would hove dored 
claim. Note especiolly the toble below. 

For giving prominence to the stotements 
of 0 private organization, os is done here, no 
apology need be offered, since many such 
orgonizotions do Kientific reseorch hoving 
the some standing os that done at univer- 
sities. Besides, where else than the large insur- 
ance companies can such current statistics be 
found? These statistics form a most voluable 
complement to the official statistics on the 
nation's health. The Metropolitan Life Insur- 
ance Company, in one of its departments 
alone, covers IbVi million policyholders, re- 
garding whom It has detailed stotistics, and 
these I6V2 million industrial policyholders 
constitute a very large sample of the wage- 
earning part of our population — The 
Bditors • 

rontrol in this war is much better than 
It was 25 years ago. 

( 'cilamituus in the last war were our 
losses from influenza and pneumonia 
The first of these fiuctuates so widely 
m prevalence and virulence from year 
to year that it is impossible to estimate 
the likelihood of a serious visitation 
within the next few years Recent 
research into the causative agent of 
influenza, how'cver, encourages the ex 
liectation that the nation may be bettei 
prepared today to cope with any epi 
domic that might arise than it was in 
FI 18 Pneumonia, thanks to the new 
chemotherapy, has lost much of its 
tormer teiror The death rate from this 
cause among industrial policyholders 
has dropped more than 82 percent since 
1017 

In view of the rapidly increasing in- 
■ dustrialization of the nation and the 
fact that many defense workers are for 
the first time coming in contact with 
machinery and other hazards of war 
work, wc can hardly hope to escape an 
increase in fatal accidents But during 
the years since 1917 there have been 
such marked advances in industrial 
hygiene and in accident prevention, 
that many lives and countless working 
days are being saved that would have 
been lost under the working conditions 
prevailing at the time of the last war. 

A factor that is not without influence 
in maintaining morale is the marked 
improvement recently experienced in 
the mortality of women in childbirtlu It 
is a comfort for the young father, 
whether in defense work or in the 
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armed services, to know that modern 
care available to his wife during her 
pregnancy and confinement has greatly 
diminished the risks to which she is 
exposed at that critical time. In this 
he can have better ground for confi- 
dence than had his father during the 
first World War. Improvement in pre- 
natal care, obstetrics, and hospital 
facilities since 1917 have achieved 
wonders in reducing the hazards of the 
puerperal state. Whereas 25 years ago 
more than 17 out of every 100,000 of 
the Company’s industrial policyholders' 
died in childbirth, today this rate is 
reduced to five While some part of the 
decline is due to the i educed birth ra^e 
during the period under study, much 
the greater part unquestionably is at- 
tributable to better medical and nursing 
care. 

Such are some of the changes in 
mortality from certain of the principal 
causes among persons in the more 
active ages of life Loss directly re- 
liited to the war effort are the causes 
of death characteristic of the declining 
years, including more particularly 
chronic degenerative orders As a mat- 
ter of fact, even among these there 
has been considerable improvement 
since 1917. 

Inasmuch as the Company’s policy- 
holders number many millions and are 
distributed widely in all sections of the 
country, they constitute a very repre- 
sentative cross-section of the total 
wage-earning population Their health 
experience since the last war. therefore, 
reflects closely that of the entire conn 
try, and the observations hero recorded 
on the basis of their experience may be 
considered generally applicable to the 
nation as a whole. 

• • . • 

PROGNOSTICATION 
Modgrn Living Wiil Make 
U$ a Myopic Nation 

^Kmerica is becoming a near-lighted 
nation. Each decade more and more of 
the population are near-sighted. 

The steady movement of the Ameri- 
can population toward near-sighted- 
ness, some ophthalmic experts assert, 
is caused by two factors — modern liv- 
ing conditions, wherein man has 
changed from a far-looking to a near- 
looking creature, and heredity. Near- 
sightedness is a physical character- 
istic that apparently is handed down by 
parents to their children. 

Mankind for thousands of years 
spent much of the time out of doors 
and the human eye developed so that 
normally it is at rest when gclzing at a 
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distance, but hard at work when focus- 
ing on near objects Within the past 
century education has become almost 
universal and children start reading 
at an early age. There are relatively 
few of the adult population who do not 
spend many hours each week in reading 
newspapers, magazines, and books — 
all hard work for the eyes Men and 
women increasingly have moved into 
indoor occupations, operating machines 
and carrying on clerical activities-- 

most of which rc(jinre close focusing 
Human eyes are becoming near-sighted 
in order to meet these new conditions 
of modern living reijuiring sustained 
close vision 

• # • 

RECOVERY — Neorly half o minute is re- 

quired for average eyes to recover fully 
from exposure to bright, glaring light, oc- 
cording to tests made ot the University of 
California. 

• • • 

STUTTERING 
Bolieved a Cate of 
*^Mind-and-Body’* 

to The Journal of the 
American Medical Association, stam- 
mering (stuttering) is a somatic mani- 
festation of an <*motional disorder 
based on a psychobiologic variation of 
the organism 

As yet there is doubt as to the exact 
mechnnism that underlies this varia^ 
lion, hut evidence strongly suggests 
the presence of an inherited constitu- 
tional factor which predisposes to emo- 
tional instability and psychomotor dis- 
organization in general and to stutter- 
ing speech in particular. 

However, a person’s inherent psy- 
chosomatic deficiencies would not in 
themselves cause stuttering speech 
without .some active precipitating 
factor : shock, cumulative environ- 
mental pressure, radical change of en- 
vironment or, as in the instance cited, 
acute or prolonged illness. 

There are two stages in the develo])- 
inent of stuttering, primary and sec- 
ondary. The chances of arresting the 
disorder are much greater in this first 
stage, before anxiety and inferiority 
feelings begin to develop and before 
conditioning has had time to operate 
In the primary stage, therapy is large- 
ly a matter of slowing down the tempo 
of living and removing any exciting 
stimuli in the home environment, par- 
ticularly the excitement and tensions 
generated by neurotic parents. Family 
(juarrels, exciting games, rapid speech 
or other “nervous” reaction patterns 


on the part of parents or older children 
should be eliminated. The child should 
be kept in as good a physical condition 
as possible, he should have frequent 
periods of rest and relaxation, and 
fatigue should be avoided. Also, since 
the stuttering child demonstrates in 
general a lowered degiee of psycho- 
motor efficiency, especially in those 
functions requiring fine coordination, 
a ceitaiii amount of rhythmic work is 
recommended games and simple exer- 
cises in time to music, marching to the 
beat of a toy drum, bouncing a ball 
in rhythm, and the like He .should be 
encouraged to do everything, speaking 
included, slowly and easily Games in 
which the whole family participates 
can be devised to inculcate the idea of 
slow, easy, rhythmic activity 

With regard to the stuttering syni])- 
tom itself, the parents should avoid 
correcting the child’s speech directly, 
since this may make him speech con- 
scious and precipitate the second stage 
of the disorder. A tactful sugge.stion 
— “Let’s all try to talk .slowly and 
easily; 1 don’t hear so well today” — 
will usually produce better results than 
making a child repeat a specific word 
or phrase with which he has had diffi- 
culty The parents should also avoid the 
all too common habit of interrupting 
the child when he stutters, talking for 
him when he is liaving difficulty or sug- 
gesting some “tool” — taking a deep 
breath, for instance — to help him over 
the blockage Such tactics serve only 
to arouse his awareness of his difficulty 
and to develop anxiety and feelings of 
inadequacy If j>ossibIe the child should 
not be allowed to sinpect that the physi- 
cian or parent is concerned about his 
speech, or that it is in any way abnor- 
mal. 

SHAKE HANDS 
Hands Unimportant in 
Spread of 'Flu 

Discovery that the influenza viruses 
type A and type H die in a few minutes, 
if put on human skin, such as the palm 
of the hand, and allowed to dry there, 
has been made by Commander Albert 
Paul Krueger, in command of Naval 
Laboratory Research ITnit No. 1 at the 
Ibiiversity of California 

“Virus solutions so strong that a tea- 
spoonful would kill half a billion mice, 
lost all disea.se-producing capacity 
within 10 minutes,” Commander 
Krueger, formerly professor of bacteri- 
ology at the university, stated. “Hand 
to hand distribution of the virus and 
eventual hand to mouth transfer would 
appear to be unimportant hazards.” — 
Science Service, 
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‘Commercial Sound’ Enlists 

The Microphone and the Loudspeaker Join in the 
War Effort to Increase Efficiency of Operations 


GEORGE R. EWALD 

Manager, Sound Producte Division, 

RCA Manufacturing Company 

T he rapid transition to wartime 
activities throughout this country 
has brought about many startling 
changes. Evolution that would ordi- 
narily occur slowly over a number of 
years now takes place almost over 
night. New ideas, new processes, new 
materials, and tiew nian-to-man rela- 
tionships ate rapidly taking 
form in industrial opera- 
tions These changes create 
new needs and, as is usual in 
periods of flux, the inventive 
getiius of man responds to 
the urgent necessities of the 
occasion. 

One of the most interest- 
ing developments has oc- 
curred in the field of what 
has been somewhat loosely 
termed “Commercial Sound “ 

Certainly, the word “Com- 
mercial” does not now prop- 
erly classify the tremendous- 
ly broad field into which 
amplified sound has made its 
entrance so effectively. To- 
day the microphone, ampli- 
fier, and loudspeaker are 
vitally necessary adjuncts to 
the efficient operation of in- 
dustrial plants of every de- 
scription; military projects 
of all kinds ; air fields ; 
naval bases ; ordnance plants ; 
proving grounds ; training 
schools; shipyards and rail- 
road yards; amusement, educational, 
and recreational activities ; and, in fact, 
in any inside or outside location where 
it becomes necessary to convey sound 
intelligibly to groups of people or over 
distances where unamplified sound will 
not serve the purpose. 

Commercial Sound has served a 
fearful as well as a useful purpose. It 
is indeed doubtful if Hitler's hordes 
would now be over-running Europe, 
Asia, and Africa if he had not been 
able to exercise his almost hypnotic 
control over milHohs of people through 
the use of loudspeakers. 


On the other side of the picture, 
however, the use of amplified sound 
has become a tremendously important 
factor in the expediting of production ; 
the improvement of efficiency in or- 
ganization operation; a most potent 
time-saver in locating key men in 
every nook and corner of our great 
factories ; and has tremendously re- 
duced loss of life and damage to prop- 
erty in emergencies. So, a microphone 
is now found at the elbow of every 
man who desires to accomplish things 


quickly and efficiently, and millions of 
loudspeakers are in use throughout the 
world, in every place where people 
gather either for Winess or pleasure. 

Originally, when it was found pos- 
sible to satisfactorily amplify sound 
and project it for some distance, the 
field of entertainment seemed to be 
the most natural development for the 
use of loudspeakers. As this use grew 
and developed, the possibilities for edu- 
cational purposes became apparent, and 
it was not long before the schools and 
colleges throughout the country were 
equipping their auditoriums, labora- 


tories, and individual classrooms with 
this most useful device. Slowly and 
gradually the amplifier found a place in 
various types of business establish- 
ments, although at the beginning it 
was curtailed in most places to the use 
of intercommunication equipment. 

It has only been within the last 24 
months that the real possibilities of 
the amplification of sound in great in- 
dustrial establishments were realized 
This development has proceeded with 
such tremendous impetus, however, 
that interesting and even spectacular 
incidents illustrating the value of 
sound equipment are developing daily, 
and the story surrounding the use of 
such equipment is worth telling. 

Perhaps the best description of the 
varied use of sound equipment in indus- 
trial operations can be given by citing 
specific reports that are now available 
from many plants that are engaged in 
full wartime production. Many of the 
giant buildings that have recently 
been erected to house pro- 
duction military eijuip- 
ment cover great areas of 
ground with immense rooms, 
unbroken by walls or parti- 
tions. Rapid man-to-man 
contact is difficult because 
of the tremendous distances 
and numbers of people in- 
volved Buzzer or horn sig- 
naling in code, and the tele- 
phone and inter-departrnent- 
al memo have been tiied. 
but, due to the limitations of 
time and space, contact has 
been slow and much valu- 
able supervisory time wasted 
trying to locate people 
wanted for quick answers. 

Paging executives and key 
men has now become a fast 
and efficient process through 
the use of plant-wide sound 
systems, and it is interesting 
to note some of the com- 
ments that have been made 
regarding the actual effi- 
ciency in operation achieved 
in this way. A letter received 
from one of the big aircraft companies 
contains the following significant sen- 
tence: ‘*To indicate the importance of 
these sound systems in our plant, it is 
interesting to note that our main plants 
n^ake approximately 1500 calls each per 
day, with the smaller departmental 
systems making approximately 250 
calls each per day, making the total 
calls of all systems about 6000 per day." 

From another large Eastern indus- 
trial plant comes this statement: "We 
also find that our maintenance work is 
greatly expected by our ability to 
reach the maintenance crews and give 



Control desk for handling "commtrciol sound" colls 
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Many speakers suspended from ceiling bring music to workers engoged on precision jobs 


them orders immediately, no matter 
where they may be in the plant.” 

Through the proper installation and 
use of a sound system the load can be 
taken off the existing telephone lines 
The necessity for new lines is thereby 
obviated, as well as additional switch- 
board personnel and telephone lines 
involved for intra-office and plant use. 

A plant manager speaks in the fol- 
lowing terse but effective words . “The 
piimary function of our sound system 
is paging 'Phis averages 1000 calls per 
day It is estimated that five minutes 
time is saved on each call, or a total 
of approximately 80 man hours per 
day ” 

jlONDREDs of similar (piotatioiis could 
be produced, emphasizing the in- 
creased efficiency in opeiation that 
comes with procedure controlled by 
means of industrial loudspeaker equip- 
ment What could be more convincing 
than this excerpt quoted from a letter 
received from a superintendent of a big 
steel mill • “The RCA vsound equipment 
m our mill has been in operation ap- 
proximately one and one half years 1 
feel that since this installation has been 
made, 95 percent of the mistakes for- 
merly made, due to errors in signaling 
from the heaters to the rollers, have 
been eliminated ” 

'Phe modern industiial plant today 
IS subject to many sto])pages of woik 
due to emergencies of various kinds 
Fortunately, air laid warnings so fai 
have been entiiely a matter of test 
proceduie Undoubtedly these tests will 
save lives if hostile airplanes finally 
should be able to break through our 
defenses. The quick control of thou- 
sands of people, and the proper in- 
structions for the guidance of these 



Portablf lound equipment for* play* 
ing music, ond public announcelnents 


people, can only be made possible 
through the use of sound equipment. 
There are also other emergencies due 
to fires, explosions, power breaks, and 
other unusual happenings Centralized 
sound equipment provides the best and 
safest answer to the proper control and 
handling of such emergencies Tt has 
proved its worth many times in actual 
installations 

Military projects of eveiy kind ate 
now using sound equipment for many 
purposes. In camp, where trained 
buglers are not alw^ays available, the 
stirring strains of reveille arc played 
over the loudspeaker from a record 
made for that purpose. Field maneuvers 
can be directed over wide areas through 
the use of mobile equipment, and in 
a number of large camps the entire 
camp has been sectional ized and cov- 
ered with sound equipment so that the 
camp commander can address the en- 
tire personnel of the camp, or the 
various unit commanders can handle 
their separate sections individually. 

Sound equipment is indispensable at 
the large air fields, and an interesting 
development of this use is the ability 
to control instantly with one emer- 
gency switch the entire system for 
such purposes as direction of personnel 
in the case of crash landings, or other 
emergencies of a similar nature. 

The amplification of recorded music 
and the distribution of this music 
throughout large industrial plants has 
attracted much attention recently. It is 
estimated that about 3000 factories in 
the United States are now using music 
for this purpose, and many interesting 


data have been compiled as a result 
of this use. [An article on this special- 
ized phase will be published shortly 
in these pages — Editor 1 

(JciiEDi’irs have been worked out 
^ showing the type of music and the 
proper times during the day at which 
these programs should be heard At 
many plants during the lunch hour 
news commentators and other current 
programs are reproduced over the 
sound system, and quick-step marches 
are often played as the workers as- 
semble or leave 

A number of broadcasting stations 
are now reproducing musical programs 
for the uenefit of workers on the night 
shifts. Apparently the day is fast ap- 
proaching when national advertisers 
will seize the opportunity now afforded 
through the reproduction of programs 
of this sort to thousands of industrial 
workers throughout the nation. 

Safety talks and messages can be 
broadcast regularly to all employees, 
and large insurance companies are now 
devoting a great deal of study and at- 
tention to the possibilities afforded in 
this way of emphasi/ing safety pre- 
cautions and improved health habits. 

Cordial co-operation between man- 
agement and labor is a tremendously 
important factor in the speeding up of 
war activities, and the Government has 
given its stamp of approval to cam- 
paigns based on building morale and 
the improvement of employer-employee 
relationship. These campaigns are 
largely based on mass meetings of em- 
ployees and the broadcasting of 
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speeches, songs, talks by men in the 
armed services, and top Government 
olhcials Obviously, such programs are 
impossible without the use of plant- 
wide sound systems, and the personnel 
directors in the large companies are 
quick to seize upon this method of 
stepping up morale 

^AMi’AiGNs designed to stimulate 
^ productive activities are efficiently 
canied on through the use c)f sound 
systems, ,ind even though plants are 
thousands of miles apart, officials can 
paiticipate and be simultaneously heaid 
in all plants 'I'lie quotation below, 
which was contained in a letter re- 
ceived from the superintendent of one 
of the big United States ordnance 
plants, summarizes the value of sound 
e(|Uipment as effectively as can be 
imagined. He says “With this in- 
stallation it was possible for us in the 
average time of 120 seconds to reach 
the many officials, contractors, fore- 
men, and other individuals who were 
moving about the two and one-half 
squaie miles of territory comprising 
this project. It was also possible for 
us to give instructions to all the 
thousands of employes at work on this 
pioject at one time while work was in 
progress On one occasion we as- 
sembled 80()() workmen on 20 minutes’ 
notice wffio could have been reached 
1)} no other method Our ability to 
contact individuals or groups of people 
has material ly speeded construction and 
has saved thousands of dollars through 
increased efficiency ” 

Ihe progiess and development m the 
Use of sound systems which has proved 
of such great importance in this period 
of waitime activities is certainly only 
the forerunner of even greater and 
moie widespread development in the 
>eais to come There are vast fields of 
activity that have hardly been touched 
up to the present time 

Sound equipment has been installed 
in a few railroad yards and the actual 
use in these yards has already demon- 
strated the possibilities of time and 
labor saving in every type of railroad 
operation. Here, certainly, is a tre- 
mendous field to be developed, and one 
that will pay laige dividends. 

Already sound installation is playing 
an important part in the great inland 
waterways of this country. On both 
lake and river, tug boats and tow boats 
are working day and night moving 
great accumulations of freight by 
water. Many times the pilot or navi- 
gator is hampered by poor visibility 
and great distances between his loca- 
tion and the various barges or other 
bottoms he is handling. The lookout 
at the microphone stationed at the bow 
or stern of his fleet helps materially in 
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the safe and efficient passage of these 
cumbersome craft through the water. 

Shipyards cover vast outdoor areas, 
and here the problem of communication 
is particularly difficult. Practically 
every large shipyard in this country 
IS now wired for sound, and the flexi- 
bility of this equipment permits it to 
bo used in the remotest corners and 
even on board the ships under con- 
struction 

Complete intercommunication be- 
tween all important desks in the laige 
offices and warehouses not only facili- 
tates the dispatch of all ordinary busi- 
ness, !)ut actually is a great money 
saver in decreasing the number of 
telephone units in use, and in relieving 
the ever-piesent load on switchboard 
facilities. 

I ooKiNo into the future, it seems safe 
^ to predict that the up-to-date archi- 
tect will provide all future buildings, 
whether they be for business or resi- 
dential purposes, with completely in- 
tegrated sound systems Outlets for 
sound will be provided just as outlets 
for electricity are arranged, and it will 
be comparatively simple and inexpen- 
sive to connect speakers to these cen- 
tralized systems as the occasion re- 
quires. 'I'he housewife in the modern 
home will save countless steps and 


time, as she can sit in her bedroom or 
living room and talk to salesmen at the 
front door, or converse with the maid 
in the nursery or the cook in the 
kitchen In the more elaborate homes, 
she, of course, can direct her instruc- 
tions to the servants’ quarters or to the 
chaufTeur iti the garage Speakers in 
each room will be switched on and off 
.IS desired for the reproduction of radio 
or recoided programs from a cen- 
tralized control station The.se speak 
eis, of course, can be recessed behind 
attractive grills in the original con- 
struction of the house and thus prevent 
any unsightly accumulation of indi- 
\ idual baffles and wdres 

Amplified .sound is destined to pl.iy 
such an important part in our daily 
liv^es in the future that probably twenty 
years from now it will seem impossible 
to believe that we could have gotten 
.dong without it. It will have its rec- 
ognized pl.'ice in the home, office, and 
f.ictory, just as electric lights, running 
water, heat, .and refrigeration now do 
In many ways th.at cannot be told 
now, sound equipment has enlisted for 
the duration. This same equipment 
that is now' helping to win the war will 
emerge in the post-war eta in the form 
of finer and more adaptable C(|uipment. 
its value and usefulness better under- 
stood. 


• • • 


HEADS 

Ara Soulpturad to Furnish 
Mask Modals 

ITH the permission of the War 
Department, Orr (ioodson. acting di 
rector of Field Museum of Natural 
History, Chicago, recently revealed a 
unique activity, in which the museum 
has been engaged for some months past, 
that contributes to the safety of mem- 
bers of the United States Army Air 
Forces. 

'Fhe museum (of all places!) is now 
a producer of an important war acces- 
sory. This is the result of combined 
application of the scientific.illy accurate 
measuring methods (anthropometry ) 
used by physical anthropologists to 
gage distinctive characteristics of 
groups of men and women; the re- 
searches of medical officers attached to 
the Army Air F'orces; the art of the 
sculptor in depicting human types ; 
and the driving force of experts in 
military efficiency and in manufactur- 
ing methods to obtain production and 
action with speed and precision. 

For flying in high altitudes, the 
pilots, bombardiers, gunners, radio 
operators, and other men of the skies 


require oxygen masks, and these must 
be accurately fitted to each man’s he.ad 
In an anthropometric survey of 2000 
fliers, conducted by officers of the 
Army’s Aero-Medical Research Lab 
oiatury at Wright Field, Dayton, T)hi(). 
it was found that the shapes and sizes 
of aviators’ heads could be reducerl to 
seven basic composite types from 
among which the fliers could be prop- 
erly fitted with masks. One of these 
head types — labeled as No. 1, “the 
mean” (in the sense of average) type — 
corresponds to the fitting requirements 
of the majority of the fliers . the other 
six head types represent the extremes 
of contours and out -sizes in all direc- 
tions. The head models give the manu- 
facturers of masks and headgear guid- 
ance in their production of the varia- 
tions required, and the quantities of 
each size as needed. 

After the original master set of 
sculptured head models, based on the 
measurements furnished by aero-medi- 
cal officers, had been approved by 
Army authorities, the problem arose 
of producing sets of these models in 
quantity, as the heads, to meet the 
medical and air-safety standards, have 
to be micrometer-accurate. 

Because of the scientific nature of 
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Felix the Cat had a bewildered look on his face 
in 1929 when he vswung around for hours on a 
phonograph turntable in front of television’s 
early scanning disks. Felix’s image was slashed 
into 60 horizontal lines~60 streaks of light and 
shade. Engineers of RCA watched the antics of 
Felix as he was tossed through space to receiv- 
ing screens. They realized that all streaks and 
flicker must be removed. 

Scientists of RCA Laboratories abandoned 
mechanical scanners and developed an all- 
electronic system of television, featuring the 
Iconoscope and Kinescope, electronic “eyes” 
of the radio camera and the receiving set. 
Motors and high-speed disks were eliminated 
both at transmitter and receiver. Electronic 
television became as quiet and fool-proof in 
operation as a home radio set. 

By 1936, the number of lines per picture 
had been increased to 343, with marked 
improvement in quality. But the re- 
search men still were not satisfied. They 


continued to experiment, and to develop new 
equipment, for finer pictures of 441 lines. Be- 
fore Pearl Harbor, 525-line television pictures 
were on the air from the NBC station atop the 
Empire State Building. 

The streaks had vanished. Television at last 
had the texture of rotogravure. Now, faces and 
scenes are photographed directly from tele- 
vision screens without betraying the presence 
of scanning lines. 

Brought to life by electronic tubes, and 
given wing by radio, television emerged from 
RCA Laboratories to reveal its practical use- 
fulness. Today, knowledge gained from years 
of television research is contributing vitally 
to the war effort. 

Recognizing the importance of television as 
a post-war industry and uselul public service, 
RCA is continually pioneering in the 
science of radio sight. Television’s 
album of progress has only begun. 



RCA LABORATORIES 

A ServtcB of Rmdto Corporatton of Arnortca, RCA Building, Nbw York 

PIONEER IN RADIO, ELECTRONICS, TELEVISION 

Othar Smrvicea of RCA RCA Manufacturing Co., Inc. • Radiomarine Corporation of America 
R.C.A. Communicationt, Inc. • National Broadcasting Co., Inc. • Blue Network Co., Inc. • RCA Inalitutea, Inc. 
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Dri. Zworykin ond Hillyor, of RCA, with tho new portobte electron microscope 


this project, the services of the museum 
laboratories and technicians were en- 
listed; production of accurate molds, 
and from them of accurate plaster casts 
of the sets of aviators’ head types in 
accordance with the specifications of 
the aero-medical officers, is conse- 
quently now well under way at the 
museum 

0 o • 

SALT— One vitol wor moteriol which will 

never need to be rotioned to consumers 
is solt. The United Stotes has inexhaustible 
supplies, including the world's largest salt 
mine, the Internationol Salt Company mine 
in New York, which covers 1000 acres, has 
120 miles of passageways ond goes to o 
depth of 1073 feet. 

• • • 

SOUVENIRS 
Should Not bo Collootod 
Aftor Air Raids 

A OMITTING that the tendency to 
collect “souvenirs” is a natural one, 
James M. Landis, Director of the Of- 
fice of Civilian Defense, cautions that 
in case of an air raid on this country 
the gathering of bomb fragments and 
other mementoes may deprive the 
armed forces of vital information. 

Objects of particular value for the 
information they convey include 
grounded enemy planes or parts of 
planes, personal equipment, weapons, 
and projectiles dropp^ or lost by the 
enemy, it is pointed out. 

Any such objects found should be 
left in place and guarded until civilian 
defense authorities have been notified 


and an OCD technical assistant or a 
military representative has made an 
investigation. The location of the ob- 
ject, its position, and the degree or 
lack of penetration may be of great im- 
portance. 

SKIS 

Produetd Rapidly By 
New Resin Prooest 

Because the United States army 
needed skis in a hurry, the Allied 
Aviation Corporation of Baltimore 
started research work. Operating with 
the Vidal process, wood is bonded with 
synthetics, placed on forms, and cov- 
ered with a rubber blanket and heater, 
using the pressure tank method. The 
process not only forms the skis but 
stabilizes the wood against warpage 
caused by changes in humidity, temper- 
ature, or contact with water- extra 
hardness and durability also result. 
Neither boiling water nor sub-zero 
weather will seperate the layers of 
wood, and it is not necessary to keep 
the skis in clamps to hold their shape 
when not in use, 

PORTABLE 

Eleetron Microtoopt WidMt 
Ih Flfld pf Utpfulnm 

A NEW electron microscope, small 
enough and inexpensive enough to be 
available to hundreds of medical, uni- 
versity, and industrial research insti- 
tutions, has been developed by RCA 
Laboratories, Dr. V. K. Zworykin, 


Associate Director of the Laboratories 
and Contributing Editor to Scientific 
American, announced recently. 

Only 16 inches long and light enough 
to be portable, the new model of the 
microscope makes one of science’s 
latest and most powerful tools avail- 
able to war work on a wide scale. It 
is capable of magnifying infinitesimally 
small particles of matter up to 100,000 
times. In this respect it equals in per- 
formance the standard size instrument, 
introduced some two years ago. 

Dr. Zworykin made it clear, how- 
ever, that the standard electron micro- 
scope, a highly flexible instrument 
equipped with special adaptors for vari- 
ous types of investigations, is by no 
means superseded by the new small 
model. It has been found, he explained, 
that in numerous electron microscope 
researches the versatility of the larger 
instrument is unnecessary 

“In the study of colloids, viruses, 
and macromolecules, in particular,” 
continued Dr. Zworykin, “a fixed mag- 
nification and a relatively low operat- 
ing voltage, giving large contrasts, has 
proved most satisfactory. Hence a 
new electron microscope has been de- 
veloped, distinguished by extraordinary 
compactness and simplicity of opera- 
tion Mounted on an ordinary desk, 
the microscope column, from electron 
source to fluorescent screen or plate, 
measures only 16 inches.” (Height of 
the standard electron microscope is 7 
feet.) 

“The magnification of the (new) 
microscope, which operates with two 
magnetic lenses of fixed strength, is 
approximately 5000,” he explained. 
“Since the grain of the photographic 
materials normally employed is fine 
enough to permit twenty-fold en- 
largement, micrographs with a total 
magnification of 100,000 may be ob- 
tained with the instrument. This is ade- 
quate to make use of the full resolving 
power of the microscope.” 

SYNTHETIC TIRES 
Bting Tutfd, but Nont 
Yet for Fublle 

Tires whose rubber content is 99.84 
percent synthetic rubber are now being 
tested on the highways in various parts 
of the country, according to Dr. How- 
ard E. Fritz, director of research of 
the B. F. Goodrich company. In dis- 
cussing the present relative positions 
of natural and synthetic rubber from 
the standpoint of their usefulness in 
tires. Dr. Fritz emphasized that this 
testing of high-pcrccntagc synthetic 
rubber casings should not be consid- 
ered as indicating any early public 
availability of such tires — that it does 
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NOW! Enjoy LeaminsTo Speak 



at Home 


Only 15 Minutes a Day! 

YES! It’s amazingly easy to leam to speak goody conversational Spanish in 
15 minutes a day of fascinating practice, in your own home! You leam by 
listening — to clearly-spoken Cortina records. This is the natural, obvious way 
to learn — just as a child learns his own native tongue. 

Now, with trade and cultural tics between the Americas draw- 
ing closer than ever, wide-awake Americans everywhere are pre- 
paring for the business, travel, and cultural opportunities ahead 
by learning Spanish, ^'easiest of languages.” In your spare moments 
you, too, can quickly and cheaply help yourself attain this priceless 
business and personal asset! 

Learn as a child learns-by listening 
to native instructors in your own home! 



T he natural way to learn SPANISH, or any 
language, is by listening to it — the way chil- 
dren learn! This is the Cortinaphone way: to 
listen, then repeat what you hear until speaking 
the language becomes natural to you. 

Cortina ”Learn by Listening” Records bring the 
clear, cultured voice of a native SPAN- 
ISH instructor with easy time-tested 
Cortina lessons right into your living- 
room. He talks to you whenever you 
wish — as often as you like-— in fault- 
less, idiomatic Spanish. He converses 
with you just as any SPANISH- 
SPEAKING person would, on the 
streets, in shops, in the ofKces of a 
South or Central American city. Your 
instructor never tires, never complains! 


New Opportunities Ahead — 
Now is the Time to Learn! 


FRENCH, 
GERMAN, 
ITALIAN, 
(AUo Taught) 


the thrill of being able to stray away from the 
beaten paths” of the conducted travel tours — and 
truly enjoy out of the way corners of lands to 
the south! 

You’ll be amazed how quickly you can pick up 
ordinary conversation! Business and commercial 
terms soon become second nature to 
you! With Cortina ”Learn by Listen- 
ing” Records, you can progress as fast, 
or as leisurely, as you wish! 


SPANISH is the easiest of all lan- 
guages to learn! And this is the finest 
time to learn it. The tremendous expansion of 
our interests in the Latin American countries will 
open up excellent opportunities for years to come! 
Practically every day our newspapers announce 
new trade pacts and the opening of new branch 
offices in South America by U. S. firms. 

Remember, SPANISH means greater social ad- 
vantages, too. Everyone should know at least one 
foreign language. With SPANISH, you discover 
new and interesting cultural fields. And imagine 


Cortinaphone CourwR 
In French, German, 
Italian and Engllsb 
(for SpanlBh-ipftk- 
Ing people) are aa ef- 
fectlre in teaching 
rou a new langoage 
as the Spanish course 
deacrlbed here, and 
are sent on the same 
"Proof in 6 Days" 
Offer. 

Check the lanfusic 
of your choice on 
coupon below 


Sent On 5 Days' Approval 


The CORTINA METHOD has 
been teaching languages successfully 
for 60 years! And it can do for you 
personally what it has done for thous- 
ands of others^if you will give it the 
chance. The five days’ free trial in 
your own home will demonstrate this 
to your entire satisfaction— or it costs 
you nothing! 

Today, when SPANISH, the most 
important foreign language in the world, can 
mean so much financial gain and travel pleasure, 
why not see what this fascinating, inexpensive 
Cortinaphone Method will do for you? You risk 
nothing. You first PROVE — right at home — 
that this amazing 
method CAN teach 
you the language of 
your choice in only 
15 minutes a day. 


What Others Say 
RUDY YALLEE 

■ftys . . . "delighted with re- 
sults from Spanish and French 
Cortinaphone Courses . . 

Invaluable in broadcasting and 
recording." 

FRANK LUTHER 

says . . . "Pronounclatlon on 
records remarkably clear." 

“Anyone Can Learn” 

"Your clear records make it 
possible for anyone to learn 
the language of their choice " — 
Mr. Tom White, Muskogee, 
OkJa. 

“A Good Invastment” 

"Have Just returned from Mexico 
and found that my Cortina- 
phone Course was a good In- 
vestment." — Phillips B. Iden. 

Prenanoiatlon Surprisas 
Taaebars 

"The teachers of the schools 
here ere surprised at the pro- 
nunciation which I acquired 
through your records."— -!<. B., 
Oregon. 

Immlpatlon Offlelal 
Well Satisfied 

"I believe your Method to bo 
unsurpassed for acquiring a 
working knowledge of a foreign 
language In the shortest time, 
and I am well sstlsfled with 
the progreu I have made " — 
L. 8., IJ. 8. Immigration and 
Naturalisation 8ervleo. 


FREE BOOK 


DESCRIBES 5-DAY 
TRIAL OFFER 

Without obligation, w« will gond th« Cortina Academy’f free book, 
”The Cortina Short-Cut to Speaking Foreign Lan^agee.” In 32 faicinat- 
ing paged, thii book tells ail about the easy Cortinaphone Method and 
how it can open up opportunities to you. Mail coupon today— NOW. 

CORTINA ACADEMY 

(lanfuefs Spoclelittt Per M Yoers) 

DEPARTMENT 152 105 WEST 40Hi CTMIT NEW YORK, N. Y. 
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CORTINA ACADEMYdanguige SptclaliiU For 60 Yean) 
Dopt. 152, 105 West dOth Street, Now York, N. Y. 

Please send me— ^thout obligation— your free 
book ”The Cortina Short Cut” and Proof-in-5- 
Days offer. 

(Check language in which you are interested) 

□ SPANISH □ Frtnoh □ Qorman □ Italian 


I 

I 

I 

I 

I 

I 

!.< 


Nano 


Addrait 


City 


Stata. 
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Photographs ceurtosy Fiold Mutoum of Natural History 

A reconstruction of Borylombda and, right, the skeleton as now exhibited 


not affect the nation's tire supply situ- 
ation at all 

“Experimental development work 
(lone with samples of butadiene-type 
synthetic rubber — the type which 
makes up the jjreat bulk of the govern- 
ment synthetics program — has already 
shown up much that is good and several 
things that are still unsatisfactory 
about this new rubber/’ he said 

“Passenger tires and small -size truck 
tires give excellent service. When we 
come to large-si/e truck and bus tires, 
several difficult problems arise due to 
the fact that synthetic rubber while 
running generates more heat than natu- 
ral rubber, and may fail from that 
cause in spite of its higher heat re- 
sistance However, we are now hard 
at work on this problem and are con- 
fident it can be solved as we gain more 
experience in the field ’’ 

BRAZILIAN R. R. 

To bo Eioetrifiod to 
Savo Coal 

In order to avoid excessive cost of 
importing coal to run its railroads, 
Brazil has embarked on a long-range 
railroad electrification program de- 
signed to make the republic self suffi- 
cient with respect to power, and at the 
same time independent of foreign 
sources of fuel. 

The country has abundant water 
power, but is faced with the wartime 
problem of obtaining necessary tur- 
bines, generators, wiring, electric loco- 
motives, and other necessary equip- 
ment. 

First line to be electrified is a 90-mile 
section of the Sorocabana railroad, be- 
tween Sao Paulo and San Antonio 


The project, said to be the largest now 
under way in the Western hemisphere, 
is expected to cost about $10,000,000. 
and to be completed within three years 

Heavy rails are now being laid, and 
the 80 ton steam locomotives formerly 
in use are to be replaced by electric 
locomotives of 180 tons— said to be 
the heaviest electric locomotives ever 
built for nat row-gage track. Trains 
will be longer and will travel at greater 
speed 

Seven thousand poles to support the 
electric lines will be made of rein- 
forced concrete. Power for the line will 
be supplied by three secondary plants 

Electrification eriuipment is being 
purchased froiu the United States. 

The Sorocabana Railroad, owned by 
the state of Sao Paulo, is 1316 miles 
long — Engineering Netvs-Record. 

BARYLAMBDA 

Rfftoration of Hoavily Built, 

Extinot Mammal 

PRACTICALLY complete skeleton of 
Barylambda. an extinct mammal which, 
when it lived 50,000,000 years ago in 
west-central Colorado, attained a de- 
velopment entitling it to be rated as one 
of the most heavily-built animals of all 
time, has just been placed on exhibition 
in the hall of paleontology at Field 
Museum of Natural History, Chicago 

“Barylambda was unlike and unre- 
lated to any present-day animal,” states 
Bryan Patterson, acting curator of 
paleontology, who led the expedition 
which excavated the remains of the 
rare creature. “It appeared during the 
course of the greatest revolution of 
life the earth has ever seen — a revolu- 
tion that had been in progress about 


10,000,000 years before Barylambda 
appeared on the scene. This revolution 
was the transition from the age of rep- 
tiles to the age of mammals, which was 
ushered in by the dramatic and world- 
wide extinction of the dinosaurs and 
other giant reptiles that had dominated 
land and sea. At the beginning of this 
epoch the mammals were small to 
medium in size. Once they had suc- 
ceeded to dominance, however, diver^i 
fication and specialization along many 
lines went on rapidly, resulting finally 
m the animal world we know today. 
One line of specialization was the ac- 
fiuisition of large size This evolution- 
.irv trend especially characterized var- 
ious orders of the great hoofed mammal 
stock, exemplified among living animals 
such as elephants, rhinos, and hippos. 



These were preceded by a great variety 
of extinct groups of which Barylamdba 
and contemporaries were earliest. 

“Barylambda stood some four feet 
high, had an overall length of about 
eight and a half feet, and its width 
across the hips was almost equal to 
three-quarters of its height. Its bones 
were extraordinarily massive, indicat- 
ing the possession of immense muscular 
power. The head was small in compari- 
son to the size of the body. It bad a 
long, large tail, flattened somewhat 
from side to side. It was found under 
conditions which indicate that at the 
time of its life this part of Colorado 
w'as a broad flood-plain. Rivers and 
streams from the Rocky Mountains evi- 
dently meandered back and forth across 
the plain, the climate was warm, and 
the vegetation was heavy. Barylamdba 
was well-fitted for such an environment 
— its strong body was adapted to forc- 
ing a way through the tangled vege- 
tation, and its teeth indicate it was 
vegetarian in diet. Its broad spreading 
five-toed feet supported its great weight 
well on soft, treacherous muddy 
ground, and its large compressed tail 
suggests it was a capable swimmer “ 

DIESEL PROPHECY 
Will It Rtplaet 
Tlia •Iron Norto’l 

An old familiar institution will some- 
day be only a memory, in at least one 
man’s opinion: 

The steam switching locomotive, the 
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great puffing behemoth whose friendly 
sinew has inspired so many boys to 
become its master at the throttle, is 
obsolete. No more new ones will be 
constructed for American railroads 

"Phis prophecy was made recently by 
H B. Williams, president of The 
Cooper- Bessemer Coiporation, Diesel 
engine manufacturers, who said the 
lovable giant's place is rapidly being 
taken by an unromantic midget not 
much larger than the steam locomo- 
tive’s tender. 

The midget, run by Diesel power, is 
being turned out in large numbers to 
meet the increasing demands of Ameri- 
can railroads and industry which have 
a tremendous volume of war materials 
to handle 

“The old steam switching locomotive 
is gone, ’’ Mr. Williams said. “Of 
course, the ones now in use on the main 
lines will be rebuilt and repaired until 
they are run to the thin end. But no 
new ones will be constructed.’^ 

'I'he chief reason for the old friend's 
demise is its failure to develop enough 
power from a dead stop, the Diesel 
manufacturer pointed out. After it gets 
up enough speed it is powerful enough, 
but in getting up speed much effective- 
ness is lost. 

.According to Cooper- Bessemer en- 
gineers, a Diesel switch engine, in a 
head-on contest, would back up a loco- 
motive three times as pow'erful and 
with full steam up. 

fhey explained that both the direct- 
drive Diesel and the Diesel-electric 
switching locomotives show better per- 
fotmance because of their enormously 
increased starting toniue The steam 
switching engine recjuires some time 
in the acceleration of its driving wheels 
to develop a comparable pull 

EXPLOSIVE FISH 
Sardints Furnish Qlyctrin 
for Explotivot 

The government's “scrap-fat drive” 
to obtain new .sources of glycerin and 
soap acids asks housewives and res- 
taurants to save their grease drippings 
for defense. From these scrap fats the 
government expects to make glycerin 
for explosives, replacing the imports 
of cocoanut oil from the Philippines 
and other Pacific Cslands, which were 
cut off by the war. 

In searching for increased sources 
of glycerin-producing fats, the gov- 
ernment is also increasing domestic 
production of various plant oils, in- 
cluding soybean, peanut, flax, and cot- 
ton. But there’s another not-so-widely 
publicized source which has been pro- 
viding the United States with oil- 


producing glycerin for two decades — 
sardines and herring, which inhabit the 
Pacific Ocean from Alaska to Mexico 
-and this source has a distinct ad- 
vantage, in that the product needs only 
to be harvested, it re(juires no prelimi- 
nary planting and cultivation. 

.Although the .iverage production of 
2,000,000 gallons of herring oil ob- 
tained yearly from Alaska will be 
curtailed somewhat this year, due to 
the government’s prohibiting fishing 
in certain areas, there will still be 
sardines caught off the Pacific Coast 
from British Columbia to California 


Broke the lens of his safety goggle, of 
course, but there were no flying splinters of 
glass. Every workman in the room knows 
that, without impact - resistant safety 
lenses, Andy would have lost an eye. 

Safety goggles, for industrial use, 
constitute just one of many Bausch & 
Lomb products making significant con- 
tributions to America’s war program. 
Instruments for industrial research and 
production — metaliographic equipinen t, 


— and production of pilchard oil on 
the West Coast alone has averaged 
13,000,000 gallons yearly. 

Tests of the pilchard oil, which 
have been made in Laucks Labora- 
tories, Inc, in Seattle, since 1021, 
have shown more than satisfactory 
glycerin content, and the lowly sar- 
dine and herring are finding them- 
selves blasting away behind the front 
lines. Not as powder for guns — be- 
cause nitroglycerin (glycerin, plus 
acids) is too violent to be used in 
this way, but as dynamite and other 
explosive preparations which arc the 


spectroscopes, toolmakers’ microscopes, 
contour-measuring projectors — are main- 
taining precision, increasing production 
and speeding deliveries in factories all 
across the nation. Gunfire control equip- 
ment — battleship range finders, aerial 
height finders, binoculars, photographic 
lenses are of a quality, and on a produc- 
tion schedule, that merited first award 
of the coveted Navy “E.” 

BAUSCH & LOMB 

OPTICAL COMPANY • ESTABLISHED 1853 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 



An Eye Saved is Production Time Saved 


rUST a slight accident. A fragment 
hurtles straight at the operator’s eye. 
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mainstays of the Engineer Corps and 
others. This is very important in 
clearing roads for troops and tanks 
and guns and trucks rushing to the 
front, in excavations for new muni- 
tions plants, mines, and new road con- 
struction. Also, huge amounts will be 
used to destroy bridges, and to clear 
away debris in bombing attacks. 

Glycerin, in normal times, was more 
than 90 percent manufactured as a 
by-product of soapmaking. Now soap 
is definitely a by-product of glycerin. 

Sardines and herring are a logical 
source of glycerin. They’re easily 
caught, and studies of their migratory 
habits have proved that they reappear 
year after year in large schools in the 
same places. 1'hey don’t swim too far 
off shore, spawn prolifically, and are 
so thick in schools that it’s possible 
to catch 35 or 40 tons in one net. 

In certain seasons there’s a com- 
paratively large quantity of oil in 
these fish — and the larger quantities of 
oil, the more glycerin. In fact, be- 
cause of their excessive oiliness, sar- 
dines are not a favored article on the 
fresh fish market. In Laucks Labora- 
tories, where sardine and heiring oils 
are now being te.sted daily, it was 
found that the glycerin content of the 
oil of these fish w'as from 8 to 10 per- 
cent. 

GUN MOUNTS 
Raquirt High Dtgret of 
Aoourato Machining 

Record-breaking production of gun 
mounts carrying four rapid-fire anti- 
aircraft guns — the weapons which 
hurled hundreds of shells a minute at 
Japanese planes in the battles of Pearl 
Harbor, Midway, and the Solomon 
Islands — was disclosed recently by the 
Westinghouse Electric Elevator Com- 
pany. 1'hese multiple gun units are 
being produced by Westinghouse at a 
saving to the Navy of more than 10 
million dollars in cost and 4,400,000 
man-hours of work. 

“Before we tackled the job in the 
summer of 1940,’’ explains hVank C. 
Reed, president of the elevator com- 
pany, “each gun mount requiicd 8500 
man-hours of labor and cost about 
$27 ,000 — but assembly-line production 
methods enabled us to turn out each 
unit with about 2100 man-hours of 
work at a cost of about $12,000. Differ- 
ence between estimated cost and actual 
cost were returned to the government. 
Ry May, 1942, we were turning out 
nearly 40 percent more mounts each 
month than our contract called for.” 

Weighing 14,000 pounds, each mount 
consists of an adjustable four-foot long 
horizontal gun support, installed in an 
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H-shaped stand which is moored to a 
revolving steel base. Each gun support 
has four large grooves, nine by 13 
inches, into which water-cooled gun 
barrels are inserted. The four guns, 
although not synchronized, are fired 
in nearly simultaneous bursts by a 
single trigger mechanism on the left 
side of the unit. 

Guided by sights on both sides of the 
unit, Navy gunners train the guns on 
flying targets by quickly moving them 
up or down and left or right. When 
necessary the entire mount can be 
swung in a complete circle. The guns 
are aimed manually by a series of easy- 
turning cranks near the sights, and 
also by hydraulic power controls which 
are installed when the gun units reach 
a ship. 

Maneuverability of the mounts de- 
pends upon precision manufacturing 
at extremely close tolerances. Principal 
surfaces must be levelled to a point 
that engineers call '‘dead flat,” with an 
allowable discrepancy of two-tenths of 
a thousandth of an inch. Other parts 



High occurQcy is required in these 
gun mounts, shown below when com- 
plete and in action, which are now 
being produced in huge quontities 


must be accurate within four-tenths 
of a thousandth to a thousandth of an 
inch. 

Just before the gun mounts are ready 
for shipment, sights that are used in 
actual combat are installed temporaril> 
and tested for accurate alignment with 
gun barrels. Maximum allowable tol- 
erance in this test is one minute, or 
one sixtieth of one degree — which 
would result in a deviation by the gun 
projectiles of not more than ten and 
one-half inches per thousand yartls. 

SOLOMON ISLANDERS 
Lud Easy LIfa— Until 
War Intarvanad 

F EW peoples on earth are less known 
to ethnologists than the short-slatured 
hairy, Melanesian black men of the 
dense jungles and lofty mountains of 
the Solomon Islands, say ethnologists 
of the Smith.sonian Institution 
Throughout the archipelago, now the 
scene of some of the most crucial fight- 
ing of the war, ways of life differ wide- 
ly from island to island, Smithsonian 
ethnologists point out. So great has 
been the isolation that in some cases 
villages a few miles from each other 
speak different languages. But all be- 
long to the same basic Melanesian stock 
as the inhabitants of New Guinea, most 
of the neighboring groups of islands, 
and probably Australia. 

The Solomons gained a bad reputa- 
tion as “the cannibal islands.” There 
is little evidence, however, that the 
Melaneasian peoples ever were canni- 
bals, other than ceremonially. The cen- 
tral islands of the archipelago were. 
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however, a center of the curious head- 
hunting custom which in most places 
has been suppressed under the Austra- 
lian mandate. A head — and it need not 
be that of an enemy — was considered 
a token of valor and was a cherished 
possession. A young warrior needed a 
good string of skulls to have much 
prestige among the women of his vil- 
lage. 

The Solomons were in the stone age 
stage of culture when first visited by 
the whites and, for the most part, have 
advanced little. They have been slow 
to accept white influences, and few peo- 
ples on earth have been less exposed 
to these. But the people can hardly be 
considered as a very low grade of 
aboriginals, such as the long-extinct 
natives of Tasmania, to whom they 
probably were distantly related. 'I'hey 
had developed a rather advanced sys- 
tem of agriculture, elTcctive boats and 
weapons, and an exceptionally complex 
economic system. To a high degree 
they had domesticated the pig. 

By and large, life to the Solomon 
Islander is easy and, from his point of 
view, luxui ious. Little work is required 
for his crops. Most of this is done by 
the women. The men, as among so 
tnany primitive peoples, are hunters 
and warriors. But neither sex works 
very hard at its traditional vocations, 
although the islanders are good 
workers for short periods on planta- 
tions 


• • • 

BIRDS — Among the strange birds on Guodol- 
canol are the brush fowl, which buries 
its eggs in a mass of fermenting dead leaves 
which acts as a natural incubator; and the 
dwarf climbing parrot, a little bird no bigger 
thon a sparrow, that climbs trees like a 
woodpecker and makes its home in the nest 
of termites which oppeor to be its principal 
food. 

• • • 

EARTH SHOCK 
It Retpontlblt for Muoh 
Bomb DamoRo 

Earth shock, one of the most danger- 
ous and least understood effects of 
bomb explosions, endangers large and 
small buildings of nearly every type of 
construction and foundation in an area 
under attack, according to Professor 
William H. Hayes, of the Columbia 
School of Architecture. 

With the exception of all-steel or 
concrete frame buildings, all structures 
are affected to some degree by the 
vibrational effect, or earth shock, pro- 
duced by a bomb explosion below the 
surface of the earth, an effect which is 
similar to that of a local earthquake, 
except that earthquake movements 
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may be said to be slower, says Profes- 
sor Hayes. 

“Few phenomena arc more trouble- 
some at times or more baffling than 
vibration,'’ he declares. “It is a force 
that has long been recognized, though 
not generally too well understood. The 
severity of a vibrational action is meas- 
ured by : its acceleration, or an increase 
or decrease in the speed with which it 
travels; its amplitude, or its size; and 
its frequency, or the number of vibra- 
tions occurring per second. 

“These factors are large or small 
depending mainly on the magnitude of 
the explosive charge and the nature of 
the ground — clay, loam, or rock, for 
example — in which the explosion oc- 
curs. Buildings on unstable ground are 
generally more severely damaged than 
those on firmer ground, and moist 
ground usually responds to earth shock 
more violently than does dry ground 


“The earth reacts when disturbed 
by an explosion much as water behaves 
when a stone is dropped into a still 
pool, concentric waves traveling out- 
ward, away from the point of origin, 
with a decreasing velocity and with 
decreasing amplitude or height. The 
frequency of the waves, that is, the 
number of waves that pass a given 
point in a certain space of time, de- 
pends in part on the impact with which 
the stone struck the water. 

“Another aspect of earth shock 
which renders it dangerous is its char- 
acteristic of traveling rapidly in a ver- 
tical direction, and more slowly in a 
horizontal direction. Consequently, any 
subsurface structure, such as a founda- 
tion or a shelter, may be first lifted 
by the vertical component and then 
moved horizontally by the horizontal 
component The effect on a non-flexible 
structure is obvious Wall-bearing 


HOW 

TO 

GET 

TH 

E MOST 

OUT 

OF 

YOU 

R 

LATHES 


No. 4 in a $nrint of iuggnsfions made by the South Bend 
Lathe Workt in the intereit of more efficient war production 



AdiuU fif dovfttil gibt fo imvf accurat0 work 


Keep Your 

Lathes in Trim 

The old proverb, “An ounce 
of prevention iswortha pound 
of cure", is as applicable to- 
day as ever. Lathes must be 
“kept in trim" if they are to 
give long, trouble-free service. 
Although the adjustments re- 
quired to “keep the lathe in 
trim" are relatively simple 
and few, they are important 
and should not be neglected. 

Power Transmitfion 

Maximum efficiency and 
production depends on the ef- 
fective transmission of power to the 
lathe spindle. The lathe motor should 
always develop its full rated power 
and operate at a uniform speed. 

All belts must be properly adjusted. 
If the belts are too loose they will slip, 
and if they are too tight they will 
cause loss of power through friction. 
The belts should be ju.st tight enough 
to transmit the required power with- 
out slipping. 

Dovatoll Slidat 

When the adjustment of the dove- 
tail gibs is neglected, looseness of the 
slides may cause the tool to chatter or 
may result in inaccurate work. The 
gibs should be tight enough to assure 
the necessary rigidity, but not tight 
enough to bind and make the dovetail 
slides hard to operate. 

Tolltfock Adluftmant 

The alignment of the tailstock top 


should be checked frequently as any 
misalignment will cause the lathe to 
turn a taper. Test this alignment by 
turning and measuring diameters on a 
test bar. Correct the alignment by turn- 
ing the tailstock top set -over screws. 

Don’t AbufO tho Loth# 

Don’t expect the lathe to stand abuse. 
Never use the lathe bed as an anvil 
or straighten shafts between centers. 
Never rap a file against the lathe bed 
or tailstock. 

Write for Bullotin H4 

Bulletin H4 giving more detailed in- 
formation on keeping the lathe in trim 
will be supplied on request. Also re- 
prints of this and other’*' advertise- 
ments and bulletins in this series. 
State quantity wanted. 

•HI. "Keep Your Lathe Clean” 

H2, "Oilinar the Lathe" 

H3. "Installation and Leveling of the Lathe” 



SOUTH BEND 

S.ulh Band, Ind., U. S. A. 


LATHE WORKS 

Loth# Bulldort for 36 Yaort 


79 


FEBRUARY 1943 • SCIENTIFIC AMERICAN 






Smoothly geared 


to duration living 


A home, a headquarters, a stopping-oii place 


The Waldorf-Astoria serves duration living 


needs efficiently, economically... graciously. 


THE 


^J?ALDORF-ASTORl5A 

4rTM to 


laid service Allocated spaces on the 
truck piovidc for water and sand, 
stirrup puni])s, hose, shovels, and so 
on. The center steel panel can he used 
as a shelter while fif^hting a fire 
Mounting of the truck, which is 43 
inches lonj;, 2 ^) inches wide, and 40 
inches high, is on two fixed and one 
swivel wheels 

NIGHT ACCIDENTS 
On the Increase As Result 
of Several Factors 

ITH night traffic accidents show- 
ing a decided increase in proportion 
to those occurring during the daylight 
hours, street-lighting manufacturers 
have urged municipal and state light- 
ing engineers to maintain their present 
illumination on the nation’s thorough- 
fares, and to increase it in localities 
where war industries have created seri- 
ous night traffic problems. 

FJeports from motor vehicle com- 
missioners and state police officials re- 
veal that the decline in daylight traffic 
deaths was not being accompanied by 
a similar decrease in night fatalities. 
In the State of New York, one month’s 
night fatalities rose 19 percent, while 


OA 


criFNTIFir AMFRirAKI • FFRRIIARY 1943 









MISCELLANY 


daytime deaths decreased 28 percent. 
Night-time fatalities are now two and 
three tenths the number of those oc- 
curring during daylight on Chicago’s 
streets. 

“The nation has been rejoicing about 
an overall decieasc in traffic accidents 
without taking much time to analyze 
the reasons for it,” says A F Dicker- 
son, chairman of the Street and High- 
way Lighting Safety Ruieau “What 
at first seems a gratifying result of 
our safety efforts resolves itself after 
closer inspection into a reduction in 
daytime accidents that is merely pro- 
portionate to the lowered volume of 
traffic. This is not usually true of 
night fatal accidents, however In most 
localities then decline is not keeping 
pace with the daylight decrease. 

“The necessary curtailment of street 
lighting in the dim-out areas is partly 
responsible for this C'rowded road 
conditions around our war production 
centers have also posed a new and in- 
creasingly difficult problem In Michi 
gan, for example, 50 percent of the 
drivers involved in traffic accidents 
are factory workers Over one hundred 
service men are hurt or killed on Cali- 
fornia’s roads each month I'hree out 
of five persons killed by automobiles 
in Texas for the first half of this year 
were members of our armed forces 

“Fvery safety device must be em- 
ployed to its capacity in order to con- 
serve life and hml) for victoiy,” says 
Mr. Dickerson “High among them is 
the humble street light If permitted 
to continue its vital function of furn- 
ishing visibility after darkness has set 
in, stiect lighting will have contributed 
a full measure to the wnnning ot the 
wMr. It is as unthinkable to reduce 
street lighting in this emeigency, ex 
cept where dim-out tegulations recpiire 
it, as it is to imagine that safe, speedy 
transpoitation is not a cornerstone of 
victory ’’ 

ARMY SHOES 

Available In 238 Sizes, 

Plus “Made to Order" 

If you’re a man wdth peculiar feet, the 
Army’s the place for you these days, 
according to The Army Officer, I'hc 
Army’s feet that are hard to fit are 
getting special measurement shoes that 
in civilian life could cost as much as 
$2S a pair. A survey of Army posts in 
the United States reveals that no army 
in the world has taken so many pre- 
cautions to assure its soldiers of a cor- 
rect shoe fit. Any soldier who cannot 
be fitted properly with one of the 238 
different sizes provided in the regular 
service shoe is given special attention 
by an experienced shoe man. Accurate 


IMMEDIATE DELIVERY 

LATEST TYPE INDUSTRIAL A LAEORATORY EQUIPMENT 


BRONZE OEAR AND 
RENTRIFUQAL PUMPS 



with 

lDl«t OuUtt Priet A. O. motot 



No. 1 Csntrlfuffsl 
No. 4 

No 0 

,1 

1 * 

1 6.60 

16.60 

16.50 

II6.N 

B2.N 

86.N 

No. 

m Oesr 


Price ION 

With A 0 

motor 

m.N 

No 

2 

hl- 


ION 

•< •* 


27.60 

No. 

3 



11.60 

«« •« 


28.60 

No 

4 

i!' 


12.60 
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I2.N 

No 

7 



16 N 

«* *• 


I7.N 

No 

0 

1 - 


li.N 

• t it 


U.60 

No. 

11 

w 


46.50 



en req«t 



HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty 
H.P. motor, air tank (300 lbs. test — 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1.7 cu. ft. per min. 

Modflis D H G 'A 

12*^ X 24^^ tank A C. 110 or 220 v. 60 cycle 

$S7.S0 

16*^ X 30'' tank A.C. 110 or 220 v. 60 cycle 

$44.50 

Larve stock of air compressors, *4 H P. to 20 
HP AC. and D.C . all voltapes, 1 to 120 
C.F.M. displacement, built for all requirements. 
Additional data on request 


“BUSH" CONDENSERS 
TINNED COPPER 

Designed for refrigeration 
and air conditioning Has 
many other uses. High 
heat transfer capacity 
and great efficiency. 

Sleea 8tb z 10^ $5.50 each 

Single Coil, double fin 

Sizes lOH z UVa $6 50 " 

Double Ooll 

LlvUttd number of larger sizes on hand 


Synchronous Motors 

New Emerson 100th HP.POORPM 110 volt 
60 cycle hollow 25/33 shaft vertical or horizontal 
mount, no base. Has many applications $7.50 


IMMERSION HEATERS 

Ideal for heating a small amount of fluid in- 
stantly Complete with approved cord Sc plug 
Will fit any drinking glass 

300 watt 110 volt $6 00 

500 watt no volt . 7.5P 




EXHAUST FANS, BUCKET 
BLADES 

Qenoral Elootrle A.C. 
110 volt motors 



RPM 

cu ft 
per min 

Price 

O' 

1550 

550 

$12 00 

10' 

1500 

550 

IS 50 

12' 

1750 

800 

18 N 

16' 

1750 

1800 

21.N 

16' 

1140 

1650 

27.50 

18' 

1750 

2500 

22 50 

18' 

1140 

2100 

32 N 

20' 

1140 

2800 

36 00 

24' 

1140 

4000 

42 N 

34' 

850 

3800 

45. N 


Automatic shutters available for 
above Other voltages St Frequencies 
available at slightly higher prices 
Priorities required. 


FORCED DRAFT RLDWERS COMPLETE WITH MOTOR 

TYPE H.P. RPM OP FT MIN INLET OU TLET PRIOl 


0 

0^ 

1 


1/80 


It 


1760 

1760 

1750 

1760 

1780 


160 

350 

536 

060 

1900 


jir- 

h 


s • 

7 


PRICES QUOTED ARE POR A O 110 V. 60 CYCLES ONLY. 
OTHER VOLTAOB8 ON REQUEST. 


122 00 
26 00 
30 00 
37.80 
75.00 



PIONEER AIR COMPRESSOR CO., Inc. 

120-s CHAMBERS ST. NEW YORK CITY, N. Y. 
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EDISON STORAGE BATTERIES 

Celli are in axcallant oondltion Oomplate with 
•omtion, connecUons and traya Prices below are 
a^ut 10% of regular market price. Average Ufe 
20 years. Two-year unconditional Guarantee. 

A-4 Amp. Hrs. 150 la. N.M 

A-0 Amp. Bra. ISO la. 

A-T Amp Hrs. SOS la. 1.00 

A-t Amp. Hrs. 300 la. f.OO 

B-S<J-3) Amp. Hrs. 3T la. I.M 

M-O Amp. Hrs. 11 la S.N 

L-30 Amp. Hrs. 13 la. S.M 

L-40 Amp. Hrs. SO Pr. 0.00 

All cells 1 3 volts each 

Above prices are per unit cell. For 6 volt system 
use 0 cells. 13 vt.—lO cells. 110 vt.— 00 cells. 
Note: On all cells 70 amps or less an additional 
charge of 10% is to be added for trays. 


HUTONINSON PRISMATIC COMPASS 

8 in dta.. braiia, black enameled, im- 
proved pattern, with openlnv in top. 
noatlng Jeweled dial 3 in Bach... $16.50 


HAND CLINOMETERS, PENDANT 

U. B. Army Inflneers, OeologisU. Burvey- 
ing, Uapplng, etc. Magnifying lyepieee. $3.60 


UgliHRI Pluitt, Stw 

Qaaollne Driven. ma 

“Delco" 1000 watta, 

130 volt direct our- 

rent generator. Bln- Bri 

gle cylinder, 4 cycle TfjrtlH 

air cooled 3% inch 

bore. 6 inch stroke. 

1400 RPM. battery 

start ignition. lol 

Price $228.00 

Additional data on 
request 


HIGH FREQUENCT QENERATORS>.AO 
4800 RPM. Ball Bearing. Self Excited. 

400 cycle llS Volts 200 WatU I05.N 

600 cycle 116 Volts 260 Watts SO N 

600 cycle 116 Volts 600 Watts OS.OO 

600 cycle 116 Volts 200 Watts OS.OO 

900 cycle 110 Volts 200 Watts 48.00 


Prisms, Binoculars. Bausch A Lomb, used 
slightly chipped, 1 11/10 inch long 
by %, inch wide $2.00 


Bunnell Resistance Box 1 to 10,000 ohms. 

A beautiful piece of laboratory or test 
apparatus. Comple te with plugs. 030.00 

New V4 H.P. O-phase 00 cy. 230 v. 3460 

r p m. Westinghouse .... $38.00 

New IV4 H P l-phase 60 cy. lio or 220 v. 

3460 r.pm. Diehl. Ball Bearing $88.H 

J? ?.®"®*^*tor, R & M no D O. 

H P , 2 kw. 20 volt 80 amp $130.00 

^ TBANSMiniNO 

CONOENSEIf 
MICA 

operating volte 12.- 
600, cap. 004. 
Dublller, new $if $0 
Dubllier. used lO.H 
Wireless Spec, new 

Wlreleee Bpec.^mied 
O^ouw. oauun. mte. op. .olt. (.too 
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In stock 

BIZBS FROM #1$ to .001 

U. S Army Aircraft, ^ 

eolld brass telegraph 
and radio transmit- 

Ung key. large con- » 

taeta $2.95 

Slngli Strtki CInM* Stan 

\Ym ^^®**** DO 6 Ohm Meeh. Wound fio Of 
Awards 10 bronxe DCS Ohm Mech. Wound is.ti 

schwarse O" 100 Ohm 33 volt lg. 5 g 

Engineart U. S. Army Praclelon Typa Tripede 
Kejjffel A Baser, precision type hardwood, 
^I*»net6r bronxe platform with 
•/IS ^18 threaded stud long. Has 
brass tension adjusting screws Legs 
reinforced with cast bronxe and steel 
tips Weight 5 lb. 




SUM Tttr Swi SMrthllffet 
S. a Amy RmNII* MImr 
PrMMm Swilty 

VgoAl Olmaa 

OUt. Length Thtekneas Pries 

30 in. 12 H tn. 7/18 In. 75. 
3$ In. 1114 In. 7/18 In. 125. 

Made by Bausch A Lomb A Par- 
sons. Perfectly ground and high- 
ly pollahed. 

A fiw SO In. $ilglitly ibbA n$tal 
nirrort br feaRA $22E. br. 


TUNGSTEN GONTACT DISCS 

194* dla. — 1/16* thick. Pure metallle tungsten 
eontaote. Machined and polished. 


$2.00 ea 


»a $3 00 per pair. 


U. S. ARMY 
AIRCRAFT MICRO* 
PHONR 

Manufactured by Western Elee- 
trle. Breast type carbon micro- 
phone transmitter, noise proof, 
complete with cord, plug and 
breastplate. Ixeeptional 
value $2.95 


U. a Amy RRRlaMn PritMiM* teMpas* 

Pocket type 8$0* Limited quantity. $10.50 





ft D. 

i. 

34-780 

volt. 0«I1. XlMtrlO 300 


!Mni( 

Blllf 



-‘1 

34-1000 Oen. Hie. 1000 mllli 

$$f.0# 

-w 

13-380 

volt 80 mlllfl 


$1$.0$ 

13-780 

volt 200 mills 


it.M 

32-360 

volt 80 mllli 


••• 

33-300 

volt 60 mUls 


. . . . 7.80 


“VMAar-lMt” RavSiMaa OMRtar 


innnnk — , 




BIX number. (iiiiiO) Mi^ieeel, Btfekme over- 
aU 614* long. 114* wide, and 1-0/10* high. Nu- 
merals 14* high, nlekei plated Bpeelal... $7.50 


MOTOR QENERATORS 

120 d e.. 110 or 220 a.o.. 500 cycles. 250 watt. 

$136.M te $175.0$ 

120 d.c.. 110 or 220 a o., 800 cycle, 800 watt 

$178.M to $380.$4 

120 d 0 . 110 or 330 a e.. 600 oyole, 1 kw. 

$S78.$0 te $828.M 

120 d c , 110 or 320 a.o., 500 cyole, 3 kw. 

$300.0$ to $435.0I 

120 d.c., 110 or 330 a.o., 600 cycle, 6 kw. 

$435.00 to $550.M 

120 d.O. to 400 d c. 3 kw $228.W to $375 00 

120 d C to 600 d c 2 kw. ... $38$.$$ to $338.H 
U 8 Army Ocneratom, Signal Corps double rur- 
rent, hand driven, delivers 8 volts at 614 AMPS, 
and 350 volts at 26 AMPS 
Bronee Gears In Aluminum Case 
Approximate Weight' 60 pounds 

Price jl 85 . 00 . 

CONVERTERS 

'*Wappler X-Ray Oo." lio or 320 d c. input — 78 or 
160 a.o. output. 

14 KVA .... $48.00 3 RVA .... $98.M 

1 KVA .... i$8.M 6 KVA ....$11$.$$ 

114 KVA .... $78.00 

Radio Transmitting Key, large Navy 8 K.W., 
back connected, splendid action, 94* heavy 
silver contacts $10.8$ 

U. 8. Navy rotary spark gap, enclosed multiple 
electrode, high speed, can handle 10 kilowatt. 
14 H.P.. 110 V. vertical metor (specify 
AC or DO) $78.H 

Telegraph and buuer portable sets, mahogany 
case, 3 tone 4 contact platinum point high fre- 
quency busser. 3 Ulephone toggle swltehee. po- 
tentiometer, sending key. 3 mfd condensers, 
transformer and 2 choke coili, receiver. .. $I$.H 

Wetoter 94* spark coll, 110 volt, 60 eyde 30 
watte, with vibrator $8.$$ 

Motors, Synchronous, 330 v. 60 oyeles 1800 
R P.M. 14H P $3$.H 

Motors, Bynchronous, 330 v. 60 cycles 1800 R.P.M. 
^^H.P Kt.H 

<*o«ble current generator, 480 volt at 
® 5-76 wnp. Complete 

with filter May be used at dynamotor . . $I8.$0 
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measurements are taken at all parts of 
the foot, and a plaster cast is made, if 
necessary. To insure that the man may 
continue to get his special measure- 
ment shoes, his individual lasts are 
tagged with his name and identification 
number and filed for future use 

RAFT INFLATOR 
Gas in R Bottio 
Dooo tho Job 

Thanks to a ten-inch steel cylinder 
containing three quarters of a pound 
of liquid carbon dioxide, Army and 
Navy pilots forced to bail out over 
water now have a seaworthy boat with 
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Inflating the seat-pack raft 

them when they reach the surface of 
the ocean. The new device, developed 
by engineers of Walter Kidde & Com- 
pany, is attached to a rubberized 
fabric boat, which folds up, together 
with eleven items of equipment, into 
a bundle 17 by 5 inclies and weighing 
12 pounds It is worn by the flier as ,i 
seat-pack. In case of emergency the 
flier turns a valve on the cylinder, re- 
leasing the gas which expands 450 
times and transforms the scat-pack in- 
to a five-foot, six-inch rubber boat 

DUMB1 

All ArIrirIo Said to Havo 

MORRS of CORIRIURiCRtlOR 

T HERE are no ‘‘dumb’’ animals. This 
is the belief of Rrnest P. Walker, 
Assistant Director of the National 
Zoological Park, after years of obser- 
vation of creatures of hundreds of 
species. All, he contend, have some 
means of communication between them- 
selves. 

For example, he says, “a tiny pocket 
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mouse that lived on my desk for 
several years appeared to be entirely 
silent. Blit when I held him against 
my ear I found he was carrying on a 
rapid chattering and scolding. A little 
female of the same species, a tempera- 
mental spinster, had but to look at him, 
change her expression ever so little, 
and he would almost be cowed. I am 
satisfied she talked to him most effec- 
tively.'^ 

Kangaroo rats, Mr. Walker, says, 
generally are believed to be 'Mumb,” 
but when two are brought together 
and do not like each other they utter 
buzzing growls. Also one will give the 
same sort of call when it is in the im- 
mediate presence of a grasshopper 
mouse, its mortal enemy in the wild. 

“I have heard my little kangaroo 
rat,” he says, *'utter chiips that could 
be heard a distance of eight or ten 
feet. If one of these animals is held 
close to one's ear a series of buzzing 
sounds can be heard — dots and dashes 
in varying freriuenc) and tempo — that 
must mean something to the creature 
who makes them In their deep under- 
ground dens a distinct tapping of feet 
or tails can be heard from outside. 
These sounds evidently serve as a 
means of communication between dif- 
ferent nest chambers within the elab- 
orate dwelling. 

“My pet grasshopper mouse calls, 
apparently to attract attention The 
loudest of his calls can be heard by 
the ordinary human ear at a distance 
of 40 to 50 feet. I have seen him go 
through the motions of giving the call 
when the sound was so faint or high- 
pitched that 1 would not hear it when 
1 was not more than two to four feet 
away fiom him ” 

d'he classic “dumb’' animal, Mr 
Walker points out, is the giraffe hut 
he contends that there are authentic 
lecords that these aninuds, under the 
stimulus of extreme excitement, uttei 
bleating calls 

MANHOLE COVERS 
Now Mado of Wood 
to Sava Motal 

Engineeu.s have solved one metal 
shortage by the development of wooden 
manhole covers, said to be equal in 
strength and durability to the cus 
tomafy metal lids. The Los Angeles 
county surveyor’s office first nianu 
factured the timber manhole covei s 
when a local shortage of cast-iron 
covers threatened to delay an essential 
sewerage project at a new war hous- 
ing project. Recently the WPB pro- 
hibited use of metal for manhole covers 

One type of the new cover uses no 
metal — avoiding even nails through the 
use of glued- in wood dowels to bond 


the wood laminations. In an alterna- 
tive method the planking is bolted to- 
gether. 

The cover, weighing approximately 
130 pounds, is constructed of two by 
eight inch planking. It has a diameter 
of two feet, nine inches Built in either 



Wood for motol 


circulat or hexagonal design, the covei s 
are pressure-treated with a preserva- 
tive salt solution to provide resistance 
against termites and rot 

\ metal saving of 250 pounds in the 
lid and 250 pounds in the concrete 
frame is possible by construction of 
tlie wooden covers which may be cut in 
local wood-working shops without ex 
tensive fabricating equipment Alto- 
gether there are 63.3 board feet of 
lumber in the cover and 0 140 cubic 
yards of concrete in the supporting 
frame 

RUBBER SEEDS 
From Santo Domingo For 
Experlmontal Work 

Thousands of seeds from selected 
Hevea rubber trees growing in the 
experimental nur.sery of the B I' 
Goodrich Company on the islat\d of 
Santo Domingo were recently pre- 
sented to the Bureau of Plant Indus- 
try, United States Department of 
Agriculture, which has under its con- 
trol a program for promoting the cul- 
tivation of rubber-bearing plants in 
the Western Hemisphere. Plans to 
collect the .seeds have already been 
started by the bureau 

The experimental nursery in Santo 
Domingo has been in operation since 
1931. Test tappings have shown ihc 
presence of trees yielding as much rub- 
ber as some of the high-yielding hy- 
brid trees of Malaya and the Dutch 
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radio, the movement 
W of war would still be anchored 
by telephone lines--the physical hazards 
of the courier and visual signals. 

Now war moves swiftly over the whole 
face of the earth— instantaneous radio 
communication thru the ether instead of 
over copper wires has blasted the bar- 
riers of space and time. 

vSo today all our radio production cen- 
ters on war use. 

but what of tomorrow — what eflfect will 
this have upon the future — after victory? 

One thing is certain — it will revolu- 
tionize and speed the great new future 
form of transportation. 

Radio has never been universally neces- 
sary in transportuiion before. In auto- 
mobiles— on trains— It has been enter- 
tainment— in boats it has been a great 
aid but not an essential. 

But today for the future, in that great 
new universal transportation that is form- 
ing itself — the airplane — radio is essen- 
tial as the engine itself. 
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For over seven years Zenith Radio Corporation has 
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back." It has never been called upon for a refund. 


—a Zenith Radio Deoler near you it giving reli- 
able service on oil radios — regordlett of moke. 
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arc welding— the ace process of war pro 
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East Indies, now controlled by the 
Japanese. 

The trees are also free of the South 
American leaf blight, a fungus dis- 
ease which has inflicted such damage 
on rubber plantings there that planta- 
tion development in the past has met 
serious obstacles. 

The trees are the offspring of seeds 
collected in the uplands of Brazil where 
disease-resistant varieties arc found. 
1'hey are better adapted for growth in 
cooler climates than those found in 
equatorial regions, since the seeds were 
gathered from trees of Hevea hrasi- 
liensis (the world’s best rubber pro- 
ducer), 6 to 10 feet in circumference 
and 70 to 80 feel high, at an elevatif)n 
of 1100 feet and latitude of 14 degrees, 
South This is the outer fringe of the 
native habitat of this species of rubber 
tree in the Amazon valley. 

As a result of surveys cairied out 
over a period of years by the com- 
pany, Santo Domingo was chosen as 
one of the most favorable sites in this 
hemisphere for the cultivation of rub- 
ber, and the nursery was established 
there. 

In addition to the seeds, the com- 
pany is supplying the Government with 
budwood from the high-yielding tiees 
Both seeds and budwood will be used 
by the United States Department of 
Agriculture in its co-operative program 
with the Dominican Government and 
other Latin-American countries for 
the development of high-yielding, dis- 
ease resistant trees suitable for plant- 
ing in the Western Hemisphere 

FAN 

Hit Plittie Blades for 
Corrosion Rosistaneo 

Plastic-imprE(;naied reinforced fab- 
ric is used to replace aluminum in the 
blades of a new type of fan for cooling- 
tower use The hub of the fan, of 
welded steel construction, is so de- 
signed that the blades can be clamped 
into It It the desired pitch position. 

TANK DESTROYERS 
Raoo on ‘*Slioos** 
of Stool and Rubber 

Highly mobile, cannon - carrying 
“tank destroyers,” capable of out- 
sprinting their ponderous quarry over 
battle terrain, are described as a timely 
example of war-time “wedding” of 
steel and rubber. 

The use of an endless-band type of 
track in which steel cables and cross- 
pieces are imbedded in rubber to form 
a “one-piece” belt, says J. D. Beebe, 
executive of the B. F. Goodrich Com- 


pany, has “made possible a wide vari- 
ety of army vehicles — tanks, tank de- 
stroyers, and ^half-trac’ personnel and 
equipment carriers — which possess new 
low-rolling resistance, freedom from 
noise and vibration, higher speeds, 
higher traction, and greater all-around 
efficiency.” 

These “racing shoes” for the tank 
chasers, Beebe explains, are an out- 
growth of work originally undertaken 
by his company in developing this type 
of band track for farm and special in- 
dustrial uses They are so light and 
flexible, relatively, he said, that car- 
riers can travel almost as fast on them 
as on wheels — over terrain that wheels 
alone couldn’t negotiate — and they 
actually use some 200 pounds less rub- 
ber per vehicle than tires would require 

LIONIN IN PHONES 
New Insulating Material 
Made from Paper Watte 

Lig.mn now stands for a new kind 
of plastic which Western Electric en- 
gineers have adapted to telephone 
manufacture as a part of the Bell 
System’s program of alternative mate- 
rials that has already released hundreds 
of tons of war-vital materials for mu- 
nitions manufacture. 

^’ou’re going to hear a lot about this 
use for lignin, since with its develop- 
ment the engineers have turned a waste 
material into a valuable electrical insu- 
lation for communication eipiipment 

b'or years the sulfite water waste 
pollution of the nation’s waterways had 
been a major problem with pulj) manu 
facturers, a major source of woe to 
fishermen Pw^o-and a-half years ago 
chemists discovered that a very tasty 
vanilla extiact could be manufactured 
from the waste. The introduction of 
lignin as a plastic for piece parts in 
telephone apparatus, however, took 
more than a year of co-operative devel- 
opment work by W. E. engineers and 



Making ilobt from sheets of lignin 
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Fitting lignin insulation ports 


the chemists from the paper supplier. 

The engineers knew that if they 
succeeded in developing a new plastic 
fiber that would take the place of 
phenol fiber, widely used as an insu 
lating material, they would divert to 
military use such war essential com- 
ponents of phenol fiber as cresylic acid, 
formaldehyde, resin, and paper. 'I'oday, 
lignin takes the place of phenol fiber 
in about two thirds of its former appli- 
cations. 

When lignin paper sheets come to 
Western Electric Works, they are con- 
ditioned to a definite moisture content, 
heated and subjected to high jiressures, 
yielding a tough fiber board with — 
pound for pound — the strength of steel. 
Lignin fiber possesses good electrical 
characteiistics, is less corrosive than 
phenol fiber, is readily punchable, and 
has many of the other properties of 
phenol fiber board. 

Already placed on the lengthening 
roster of new W. E. insulating mate- 
rials, lignin — as a result of continuing 
researches — will take its place in more 
and more manufacturing processes, a 
triumph of science which refuses to 
admit that there is such a thing as 
“waste.” 

TAPERED NYLON 
Nqw Availabit to Riplact 
Natural Brlitlaa 

T 0 SYNTHESIZE a paint brush material 
with the taper, resiliency, and tough- 
ness of natural bristle has been a goal 
of chemists for a quarter of a century. 
It became a national necessity to 
achieve that goal quickly after Pearl 
Harbor, for virtually all bristle had 
been imported from China and Russia, 
and these sources of supply suddenly 
were shut oflf. 

Nylon paint brush bristles, an- 
nounced recently for the first time, 
not only have the required taper but 


also resiliency, toughness, length, and 
inertness to paint ingredients. More- 
over, they wear at least three times 
longer than natural bristles. The 
achievement of this tapered synthetic 
culminates five years of intensive re- 
search in DuPont laboratories. 

Today, the Government is preempt- 
ing for military uses the entire output 
of a busy pilot-scale plant. Early next 
year two full-scale units are expected 
to be in production, but their entire 
output will be required by the military 
Nylon paint brushes for civilian use 
must wait. 

In 25 years of experimentation vir- 
tually every type of resin material had 
been tried Then came nylon, the first 
satisfactory synthetic bristle material 
It was introduced in uniform diameters 
in 1938 Wearing several times as long 
as natural bristle, it soon was used m 
most of the quality toilet brushes as 
well as brushes for 22 different kinds 
of industries. 

A year prior to this public introduc- 
tion of a level bristle, Du Pont had 
started its chemists and engineers to 
work on tapered nylon. It was a com 
paratively easy job to spin a level fila- 
ment of tough, resilient nylon. To spin 
a tapered filament was something else 

All kinds of ingenious spinning de- 
vices were designed, tried, found want- 
ing, di.scarded There was no “magic” 
at work here ; rather it was the “sweat” 
of chemical engineering Finally a 
taper was achieved by pulling a con- 
tinuous nylon filament from a special 
spinneret at a controlled variable speed 
riiat is, the size of the filament varies 
with the speed of pulling — thick dia- 
meters resulting at slow speeds, and 
thin diameters at fast. 

This solved only one of many prob- 
lems Nylon filaments, after being spun, 
have to be drawn to several times 
their original length; that gives them 
their strength and resiliency To draw 
these tapered filaments to .several times 
their original length without snapping 
them at the thinnest sections was not 
easy. More months of labor and more 
research funds were given to this work 
before a satisfactory technique was 
developed 

Means of conditioning the filaments 
so they would not curl, and of auto- 
matically cutting them to ordered size, 
had to be figured out before a plant 
could start operating. “Bugs” and 
“kinks” showed up, but were overcome 
At last the day came when tapered 
nylon streamed from the spinneret in 
(|uantity, ready for allocation to war 
jobs. In reality, the chemist and engi- 
neer, as they have so often done in 
the past, had produced a material supe- 
rior to Nature’s own in many of its 
properties. 


"iiA-RSSI 


COUNTERS 
f$r Every Purpose 
mCHAr^KAlEUCTRlCAl 
nANUAl 



VEEOtt-ROOT tacT Hortftd, CMMCticvt 


THE HENRY SYSTEM 
Of Finger Print 
Ciaseification 
and 

Identification 

is now in tiie by moil 
of the Polici Deportments in the 
United Stotea. It if obo the ayatem 
which appliconta for many Civil 
Service poaitions muat moatcr before 
they con auccesafully fill oil requiro* 
inenta* 

The only book boaed on the Henry 
Syatem ia Frederick Kuhne’a 

“THE FINGER PRINT 
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Used by many governmental and 
industrial personnel departments 
and by tha F.BJ. 

#4.25 postpaid 
New 1942 Printing 

Ortftr From SCIENTIFI6 AMEEICAR 
14 Witt 40th Stroit, Now York, N. Y. 


INVENTORS 

M]VDVSTHY IVEEDS YOVR 
MDEASYOW! 



I 

I 

I 


TWO REASONS! 

I Mwnufftcturcrs arc 
getting ready NOW 
for post war sales and 
production— 

2 Right now. manu- 
facturers are seek- 
ing products their ex- 
iL, j panded facilities can 

T*** handle, factories muat 

FREE ROOK have products to take 

up the slack after war orders stop. Your 

chance comes with patent protection now — 
delay may endanger your chance. Get our 
NEW FREE Inventor’s Book today and valu- 
able ‘ Invention Record” form. This request 
does not obUgate you Act now. Write today 

McMORROW & BERMAR 

Registered Patent Attorneys Before U. S. Patent ■ 
Office, 1755 Albee Building. Washington, D. C ■ 
Send me your NEW FREE Book. "How To m 
P rotect, Finance and Sell Your InvenUon ” ■ 
and specially prepared "Invention Record” ■ 
form at once I understand that this request 
does not obligate me ■ 

NAME . " 

ADDRESS I 

CITY 


STATE* 

I Write or Print Name Clearly jj 


FEBRUARY 1943 • SCIENTIFIC AMERICAN 



Bm 0, 01, A, K, LOf . LLl, 
LLS. LL3. liL4. Bin»nr. 
iMWMagEgjgMMl fww— Trlk. funotloM to 
jHSnSl^ivKBlfftAdd aod^btroot 8 oo1m 
OB lDutG from 0 to M 
doo rom. Tbo ontino-dl- 
Tiood gcaIm ore on whltt 
onornGlod moUl. 
nentlr ooeuroto. Dim M\y 
XgMCSgaigg^ Larto flfurof and sradu- 
aUona •llmlnaU fyaatraln 
Exceptional Talue and 
Prloo with Initnictions IS 00. oaah or 
O.O.D. Durable oaae 80c extra. Clreulari free 
Tour money back if you are not entirely aatialled 

Otlaoii SUde Sole Oo., BImrt, FUi. 

Slide JtfUe Maktri Hnet 1911 


EARTH. MOON AND STARS 

By FRED L WHIPPLE 

Member of the Harvard College Ob- 
servatory staff presents authentic 
known facts on the planets, how the 
system holds together, the discoveries 
of Neptune and Pluto, determining 
the masses of the Earth and other 
bodies, the Earth as an abode of life, 
the Moon’s influence on the Earth, 
observing the Moon, nature of the 
Moon; also on Jupiter, .Saturn, Uran- 
us, Neptune, Pluto, Mercury, and 
Venus, and on Mars ; also on origin 
and evolution — $2 60 postpaid. 
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Thli beglnner^B book, from which 
more thsii 25,000 telescopes have 
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grind, polish, and accurately shape 
the essential glass parts by hand. 
All necessary data are presented in 
easily understandable form* 
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SCIENCE IN INDUSTRY- 

Industrial Growth 

New Products and Processes That Reflect Applications 
of Research to Industrial Production 


RAPID PLATING 
Paulbto With Ntw 
Amptrtff Brusli Unit 

\A/ HEREVER an electrical outlet is 
available, it is possible to set up 
a new portable brush-type electro- 
plating: unit and to accomplish overall 
or touch-up plating with a wide variety 
of metals. The power unit itself weighs 
only 30 pounds, has duplicate outlets 
so that two operators can use it at once, 
and delivers controllable power of from 



1 to 25 amperes, d.c., at from 2 to 10 
volts. Although designed for a.c. 
operation, the unit may be used on 
D.c. with a converter. 

The portable nature of this unit 
makes it feasible to apply metal plating 
to parts of equipment without dis- 
mantling, the unit is connected to the 
part to be plated and the operation is 
completed right on the job. Electrical 
companies are using this plating 
method for protecting copper bus-bars 
and switch parts against corrosion by 
the use of a silver coating, thereby at 
the same time obtaining higher elec- 
trical conductivity; it is being used to 
apply zinc over welded seams where 
the protective coating has been burned 
off ; anti-corrosion deposits are being 
made with it on vats, tanks, and so 
on ; it will deposit hard nickel-cobalt 
facings on steel press dies; in other 
fields it is finding similar and even 
more wide-spread uses. 

The power unit is connected, when 


in use, to the part to be plated 
cable; another cable termiiiafes in a 
metal anode, the composition of which 
is determined by the metal to be de- 
posited. This anode, in the plating unit 
made by Consolidated Equipment, is 
enclosed in a nylon filament brush of 
a size corresponding to the anode and 
to the work to be done. The work 
pieces, after cleaning and preparing, 
are coated with a plating solution in 
thin paste form, the paste being ap- 
plied by the brush and kept in a state 
of constant agitation. The result, it 
is claimed, is a uniform deposit of 
close-grain plated metal which is com- 
pletely and securely bonded to the 
base. Speed of application is high, foi 
example, a 00025 of an inch plate 
of pure silver can he applied over an 
area of one square foot in appioxi- 
mately 30 minutes 'Pin, cadmium, zinc, 
copper, and so on, can be deposited at 
comparable speeds 

TIMBER TRUSSES 
Utad in Oonstruefion of 
Pro-Fabricatod Plant 

sTRiKTNo example of the use of 
pre-fabricated structural timber is af- 
forded at a large aircraft plant nearing 
completion in eastern Canada The 
production floor of this factory has 
eight bays 99 feet wide with columns 
30 feet apart in the other direction. A 
sawtooth roof, framer! into the main 
trusses, provides natural light through 
out the plant. 

Main trusses, of 99-foot span, have 
top and bottom chords of two 6 by 
14-inch timbers, with verticals of single 
6 by 10 to 6 by 14- inch pieces between 
the pairs of chord membeis The dia- 
gonals are pairs of square rods welded 
into slotted gusset plates that have 
flanged shear plates welded to them for 
connection to the timber truss mem- 
bers. Split-ring connectors and bolts 
are used for all wood-to-wood con- 
nections. 

Columns are formed with two pieces 
of 6 by 16’s and one 7 by 16, the latter 
being in the middle. The members are 
made into a laminated unit by inserting 
ring connectors and drawing the pieces 
tightly together with bolts. Through- 
out most of the factory the columns 
have an unsupported height of 22 feet 
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to the underside of the trusses, but this 
is increased to a clearance of 35 feet 
under the trusses at one end. The col- 
umns extend to the top chords of the 
trusses, which are spliced on a sinjii^le 
tjusset plate at that point. 

Over 1,000,000 board feet of Doug^- 
las l^'ir timber were required for the 
structural frame, and more than 100,- 
000 ring connectors were used The 
complete frame was accuiately pre- 
fabricated at a West Coast plant and 
shipped to the site, knocked down and 
marked, ready for assembly and erec 
t ion . — E n g in ecrin q Nezi kz- R ecord 

QREASE SOLVENT 


designed for 24-hour service, and can 
be obtained in ratings fioni about 
l/KK) to 3 horsepower. 

Each element in the power package 
is reduced to its simplest terms to save 
weight and space. For instance, where 
either a brake or a clutch could be 
used, the brake is chosen because it has 
one moving pait while the clutch has 
two. 

A nev/ planetary gear system per 
mits the use of a magnetic brake in 
the power package for some applica 
tions. The brake is of the quick-acting 
friction type and stops the motor 
quickly to prevent overtravel and con- 
sequent jammitig 


Used With Water 
As Vehiole 

^KrcuMiJLA'iEU grease on concrete 
floors is readily and completely re- 
moved by the use of a new solvent 
known as Turco Aktiv. 'Phis solvent 
IS marketed in gianular form and is 
to be dissolved in water before use 
A suitable solution is mopped on the 
greasy door and allowed to stand for 
tluce to 15 minutes "fhe solution, to- 
gether with the dlS'^olved grease, is 
then mopped or brushed up, while 
working, it does not fume and is non- 
toxic. 

POWER PACKAGE 
Providas Many Items for 
Specialized Purposes 

NEW driving mechanism — the 
power package— has been cspecialh 
devised for use in aircraft subassem- 
blies I'he design of a particular 
power package depends upon the aj)- 
plication for which it is built and 
designs are now available for such 
applications as bomb-door operation, 
landing-gear and wing flap oj)eration. 
and operation of control and protective 
devices. 

The new General h'.lectric power 
package combines in one compact unit 
as many items as a motor, brake, 
clutch, and limit switch as well as in- 
dicators, gears, and whatever else is 
required to do a specific job. They are 



For specific power jobs 


STRAIN QAQE 
Now Availiblo For 
Structural Tasting 

The Porter-Lipp strain gage, an 
American built instrument, is now' of 
fered to meet the demands of the recent 
rapid development of volume and tech- 
ni(|ue of structural testing in this 



Accurote to 0.00002 of on inch 

country. A mechanical type of gage, 
the Porter-Lipp is accurate, light, com 
pact, rugged, and convenient, yet in- 
expensive The strain multiplication 
factor ol this gage is approximately 
300 and it has a range of 0.008 of an 
inch or better. 

Weighing only 0 4 of an ounce, the 
gage has overall dimensions of LG 
by 2 by of an inch It is graduated 
so that each division corresponds to 
a strain of approximately 0 0001 of an 
inch and has a readable accuracy of 
0.00002 of an inch for a gage length 
of one inch. 

The gage is said to meet the require- 
ments that have grown out of the 
specialized needs of the present emer- 
gency and to have proved itself supe- 
rior to similar devices imported from 
Europe before the war. 
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Experimental and Model Work 


FIDO Inatrumonta and Fine Ifaolilnorf 
Invontlona Z>ovoloped 
flpeolal Toola. Dice, Gear Outttne, 

HENRY ZUHR, Inc., 187 Lafnyotta Sf., N. Y. C 


1" Bl-convex lens 1*,^" focal length 20c 0 for tl 00 
9-16" Bi-con\-«x lenj, 1" focal lengli 15c 8 for $1 00 
The above two lenses In a Camera View- 
Finder 45c 3 for $1 00 

1 1-16" Plano-convex lens 4^4" focal 

length 12c 10 for ll 00 

IVa" X Watch size 180 to 1 ratio Gear 
Box 35c 3 for $1 00 

2V4 X 1>4 AC no volt Clock Motor 15 
minutes per one revolution 82 50 

ALNICO MAGNETS? If you need them for War 
uses, we can supply some For pleasure NONE 
Buy War Bonds 

BLAN, 64b D»y StrHt, Ntw York, N. Y. 



BETTER PICTURES 

ARE EASY TO TAKE .... 

... if you know 
a few of tho simplo fundamental require 
mentt. Once you find out bow your cam- 
ore works, learn bow to make correct ex- 
posures, end master tbe besis of compo- 
sition, your camera results will show im- 
mediate improvement. You need not 
wade tbrqugb text books, dry treatises, 
in order to obtain tbis information. Into 
**So You Want to Take Better Pictures,** 
tbe eutbor, drawing on e varied experi- 
ence in photography, has pecked just the 
things you need to know. Questions and 
problems have been anticipated, answered 
in detail, for tbe cemere owner who has 
bis developing end printing done at tbe 
photo shops. Written as e running story 
of your cemere and how best to use it. 

"So You Went To Toko 

BETTER PICTURES" 

By A. P. PECK 

4$»ocimtt Editor, ScUntific AmMrieom 

SO P*** (Plus 10 

^ ^ Copy po»f«8«) 

Ordtr direct from 

MUNN t CO., INC. 

24 W«,t 40th Straet, N«w York City 




TreeSooksfbt 



INvmnruHa: 

for your eoploa of our 
BOOK0. ••PmSnt ProtoeUd _ _ 
"Boiant an Inrentloii*'. Ilzkr* 
eight pages of intoreatlng faoU i 
THl howPatent Laws protect you. 
kind of sketch or model needed, 
simple steps to take without cost, 
how successful inventors have se- 
cured financial assistance: show 
Interesting Inventions, Illustrate 
important mechanical movements 
Other men have read and profited 
by these books With books we 
also send Free Evidence of Inven- 
tion form, that you can use to 
establish date of disclosure 
Prompt service, reasonable fees 
deferred payment plan Strictest 
secrecy Highest references Write 
us In confidence or mall the 
coupon The facts In our 
books are worth money tn^^^ 
the man with a good In-^^^ 
ventlon. 

P> VICTOR J. A 

Evans & vo. 

RsgitUrod Potont Attomoys 
726-B Merlin Eldg , 
Woohington, D. C 
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Freight Planes 

Future Cargo-Carriers of the Air May Supplement, 
But are Unlikely to Supplant Surface Transportation 


15,000 
FORMULAS 
• • • 

1077 
PAGES 
• 00 

IN 

HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material; many 
sparc-and full-time businesses have 
been built up on one or more of its 
formulas; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyes, pol- 
ishes, paints and varnishes, a^e- 
sives, cosmetics and antiseptics are 
only a few of the sections of this 
all-inclusive book. 

^5.50 postpaid (Domestic) 

Ordtr From 

SCIENTIFIC AMERICAN 
24 Wsst loth Strnt, New York, N. Y. 


Owners of 

“AMATEUR TELESCOPE MAKING” 

who have been bitten deeply by the 
hobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby in the companion 
volume 

“AMATEURIEESCOPE 

MAKING-ADVANCED” 

This is a wholly different book 
from Amateur Telescope Making.’* 

650 pages 359 Ulusiralions 

Over SOOfiOO words 

$5.00 postpaid, domestic 
$5.35 foreign 

SCIENTIFIC AMERICAN 

24 West 40tli St., New York, N. Y. 


ALEXANDER KLEMIN 

Aviation Editor, Sciontifle Amoricon 
Rotoorch ProfoAsor, Doniol Cuggonhoim 
School of Aoronoutict, Now York Univortity 

N O ONE is more confident of the 
future of air transportation than 
the writer of this column, but he is also 
aware of the danger of undue expecta- 
tions against which W. A. Patterson, 
youthful, energetic and capable presi- 
dent of United Air Lines, voiced a 
timely warning. In his address befoie 
the \ational Industrial C onference in 
New York ( ity, Mr Patterson .said: 
“ The airplane is destined to occupy 
a mucli more important place in the in- 
ternational scheme of transport and 
cumii'uiiication of our new world. 
However, I feel this picture is being 
harmfully distorted by over-enthusi- 
astic predictions of the extent of post- 
wai use of the airplane for freight 
transportation ” 

'Idle speaker predicted that all first- 
class mail of the future would prob- 
ably be carried by air, that the airlines 
and the railroads would compete for 
certain types of passenger trafhe and 
foi certain types of express package 
traffic But quite definitely the airplane 
would not make serious imoads on the 
freight icvonucs of railroads and 
steamships I'he reasons given weie 
similar to the reasons offered by those 
who oppose too great a coin entration 
of our war effort on cargo aii planes, 
and comparable to consider*itions w hich 
led the Navy nepartment to cancel 
an order for great numbers of the 
Nought- Sikorsky cargo-carrying Hy 
ing boats 

For height carrying, the airplane s 
SCI vice is too limited and too expensive 
and the following remarks are cogent 
and conclusive: “Based on peace-time 
conditions and using as examples the 
picsent types of operating e(|uipment, 
a normal freight train could delivei 
1560 tons between Chicago and San 
Francisco at a total cost of $50,vK)0. 
A fleet of 57 airplanes of the DC -3 
type, now in pse on commercial air- 
lines, would be required to carry the 
same amount of cargo betwTcn the 
two cities in one month, at a total 
operating cost of $1,750,000.“ 

If ocean-going cargoes are consid- 
ered, the situation again is definitely 


not in favor of the airplane as far as 
heavy, large (|uantities of freight are 
concerned. A 13,000-ton freight 
steamer of the type now being con- 
structed tor the Maritime Commis- 
sion could carry 6400 tons between San 
Francisco and Australia in the round 
trip time of two months at a total 
operating cost of $120,000. A total of 
144 an planes of the four-motored type 
would be required to transport the same 



United's Patterson 


.mioiint of freight in the same period 
of time at an operating cost of about 
250 times as much. Kveii if advanced 
engineering research was utilized in 
reducing transportation costs by air 
from, say 40 cents a ton mile, to 10 
cents a ton mile, the cost would still 
be many times greater than the cost of 
surface transportation which measures 
Its ton-niile costs in mils, not in 
cents 

Four conditions have to be met be- 
fore freight, properly speaking, as dis- 
tinct from express, can be carried by 
air. They are* An emergency has to 
be met; an opportunity exists for sav- 
ing in warehousing and inventory 
costs ; commodities are so valuable that 
financial and insurance costs are im- 
portant ; surface transport is inadeciuate 
or non-existent. Mr. Patterson is per- 
fectly right in his contentions Air 
cargo will supplement but not supplant 
surface transportation, and fears that 
railroads and steamships will disappear 
under the competition of the airplane 
are groundless. 
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ZERO TRUTH 
It Not to AlarmlnK at 
Early Roportt Indioatod 

E have heard bO much about the 
deadly Japanese Zero fighter, and what 
it was doing to our hoys in the Pa- 
cific, that we have taken special pains 
to ascertain the truth from a reliable 
source The Zero is a single-seater 
fighter, equipped with a 1000-horse- 
power air-cooled engine It is of mod- 
ern aerodynamic design, and in the 
hands of one of our test pilots it has 
fully lived up to its rejmtation of high 
maneuverability, fairly high speed, 
wonderful climb and ceiling It docs 
not come anyvvhcie up to the speed ot 
our fighters, though it has comparable 
climb 

'rh(‘ Zero is much lighter for the 
same horsepower than American 
machines, and, of course, very much 
lighter than American single-seater 
fighters which have greatet engine 
power It is excellent as an interceptor 
of the bomber plane But these fine 
qualities have been attained by the ruth- 
less sacrifice of others, namely, fire 
power, armor protection for the pilot, 
self- sealing tanks, and ruggedness If 
the Japanese plane can instantly get 
on the tail of one of our machines 
because of its greater maneuverability, 
then our man is liable to be in real 
hazard But if the fight goes on beyond 
the first burst of fire, then the Ameri- 
can machine with its greater fire- 
power, Its self-sealing tanks, its robust 
construction, and ability to withstand 
file can almost invariably knock the 
enemy out ot the sky The situation 
is not so alarming after all ^ — A.K. 

WARTIME PROPELLERS 
Art Blaoktd Out by 
Convayor Paintinf Procats 

For the duration of the war, the 
bright, flashing, beautiful surface of 
an airplane propeller has gone, be- 
cause experiments have shown that a 
dull, black-painted blade reduces visi- 
bility to the enemy and also produces 
less loflected glare for the pilot. For 
safety when on the ground these days, 
the tips of the blades are painted yel- 
low. For this additional task of black- 
ing out the propeller, Hamilton-Stand- 
ard devised a rapid conveyoi -type 
spraying process. The endless-chain 
conveyor takes the blades through sev- 
eral chambers in which the several 
operations in the paint job arc earned 
out, and blackened blades can be turned 
out at the rate of one every minute, 
the entire operation requiring only 41 
minutes. In the first chamber the blades 



One a minute 


aic cleaned in hot, vaporized “ti icethy- 
lene”, which removes all diit and 
g lease Next, the blades aie put into 
,L chamber where blowers diy and cool 
them A piiming coat of zinc chromide 
is spiaycd on in the third compart- 
ment, and (hying at 160 degrees, Fah- 
renheit, and cooling by blowers carry 
oil the piocess riien the tip is sprayed 
w ith yellow paint, and the blade passes 
on for the final coat of black paint. 

So peifectly balanced must an air- 
])lane propeller be, that it is carefully 
re balanced after the above operations, 
oven though the applied paint weighs 
but a small fraction of the w^eight of 
the whole propeller —A K. 

PARACHUTES 
Pioneer Parachutist 
Writes a Manual 

Thkrl are some interesting items to 
be found in the “Parachute Manual,” 
written by J. Floyd Smith. A historical 
note: on July 24, 1808, a Pole, Jodaki 
Kuparento, safely escaped from a 
burning balloon with a parachute — the 
first recorded instance of a parachute 
being used for life saving purposes 
The early chutes were of many and 
varied designs and had very little sta- 
bility Fatalities were frequent. But 
in 1880. an American, Captain Thomas 
Baldwin, invented the vent in the peak 
of the canopy The escaping air 
causes a vortex which provides a 
stabilizing effect on the parachute 
during the descent and enables the 
iumper to select his landing location 
with more safety and wider latitude 
Since those early days the technique 
of the parachute has developed enor- 
mously Parachutes now open very 
quickly, avoid shock, though they may 
be heavily loaded, are ready for in- 
stant use, and give splendid service 
to our air troops — A. K 



Army Haversacks 

heavy canvM, by 11 

Inches, wiU) pockets, second 
hand, with leather sling. 
Postpaid for 75 cents. 1540 
75 th Anniversary catalog. 
308 pages, 2000 Illustrations, 
mailed for 60 cents. 1043 
circular for 3o stamp. 

Frineli Bannerinan Sont 

501 Broodway, N. Y. 


LIQHTINQ UNITS 

For All Unnsnal Applications 

Photo Chemical tubes 

Black Lite lamps for spectacular effects 

Ultra violet for the laboratory 

Mercury Tubes for testing lenses and flats 

Sodium Lights for refractometers, etc 

Photogramatic Lamps for contour devices 

Fading test lamps 

Hydrogen and Helium lighting outfits 
Photocopy and Oopy>Board Units 
Commercial Color and Rust Recognition Lamps 
Fluorescent and Infra-red Units 
Mlncralights for mineral recognition 

KERHE ENGINEERING COMPANY 
Hollywood, Calif. Dept. 8FL 

Lighting Engineers for 50 years 


METALLURGY 

By Carl Q. Johnson 

'T’lvtuimiis, written c-peci.ally for home 
ic.ndcts kccoinTncndcd to those who 
dre worlvitiR in itidiisiiy .and who seek 
sonic litncral hnowlcdye of why metals 
Ijcliave .is thcN do Not a coiniilcte, de- 
tailed hook, Init an nitroduction hmphasis 
IS on tlic pr.actical CovcraKc }>roperttes 
of metals, chemical nielalluiKy, produc- 
iron .ind sttcl . physical mctalluigy; 
shaping ami forming nutaU, commercially 
imixiitant non-tcirous allovs, light metals 
and alloys, (o|>per ind alloys, steel, heat 
ticalrncnts for st<tl, surface treatments, 
alloy or special steels, classifications of 
sleds, po\N(kr mcl.dlurgy. literature of 
met.illurgv Physical metallurgy is stressed 
more tlian ch« mical mctalluigy The au- 
thor IS XssiMant Professor ot Mechanical 
Kngineenng at the Worcester Polytechnic 
Institute pages, syi by 814 niches, 

ii 7 illustrations ) 

$ 2.60 PMtpalil 

Order From 

SCIENTIFIC AMERICAN 

24 W. 40th Street, New York, N. Y. 



PROTECT YOUR INVENTION 
WITH A U. S. PATENT 

Take first step to protect your 
rights to your Invention— without 
cost Mail coupon today for Free 
**Reocird of Invenllon” fsgm and completo Instruotlons 
for making legal disclosure of Invention and 
•stabllshlng date We also send 48 page free Book 
"Patent Guide for the Inventor" telling importance 
of prompt action: how to sell and market your 
Invention, how to make Application for Patent; 
examples of Successful inventions Also details 
of how a Patent protects vou, our reasonable 
charges for preparing applications including official 
drawings and technical specifications, confidential 
search service to be reasonably certain Invention 
la patentable, prompt service; strict secrecy; plan 
for you to pay In small payments as application 
progresses, other facts you want to know about 
Patent Protection Mail coupon for Free "Patent 
a "Guide" and "Record of Invention" form today ^ 



Please send me your 48-page “Patent Guide'* 
and your special^ ^epared "Record of Inven- 
tion" form FREE, 
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DEFENSE TRAININ6 SCHOOLS 

are using these praciicol aria- 
lion books In their curricula 

Qementary Aerodynamics 

D. C. R Hum* il*B0 

144 pp. 54 Ulus. 

This book bas been written for the 
specific purpose of supplying the 
younger students of aeronautics with 
a concise and accurate outline^ of the 
essential science that lies behind the 
fact of mechanical flight, so that they 
may understand and appreciate the 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Aircraft Blueprint Reoding 

Ahnen & Mood Il«i0 

127 pp. 

The first thorough going, practical 
book on this vital subject. Provides 
simple prints with complete expla^- 
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and exten* 
sive use among aircraft students. 

Practical Mathematics of 
Aviation 

A. C. Downer fll«10 

124 pp. 

Here are the fundamentals of mathe- 
matics applied to aviation problems — 
for Vocational, Industrial Adult Train- 
ing Courses. Has proved most useful 
to men preparing for jobs in aviation. 

Aircraft Maintenance 

Brirnm & Boggeaa 12.60 

512 pp. 700 mua. 

The young student or beginner will 
find this text simple, clear, and readily 
understandable, a ^ok to live with, 
to study at home, and to keep handy 
for reference in the shop. It is in use 
among leading transport operators, 
universities, private aviation schools, 
trade schools and the air services of 
the U. S. Army, Navy and Coast 
Guard. 

Aircraft Engin# Mointonance 

Brimm & Boggass $2.60 

479 pp. 500 lUus. 

Sound and accurate enough for the 
most exacting engineer, simple and 
clear enough For the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com- 
panion volume above. The most com- 
plete and comprehensive instruction 
book ever written on the maintenance 
of aircraft engine. 

Aircraft Inspection Methods 

N. Bartholomew 61.35 

128 pp. 43 Ulua. 

The essential requirements of an air- 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, ana 
manufacturer of planes and materials. 
The text has been approved by mem- 
bers of the Army and Navy Air Corps. 

Prices quoted include domestic 
postage. For foreign postage, 
add 25 cents. 


Order from 

SCIENTinC AMERICAN 


14 West 40th Street. 


New Yerk. N. Y. 


Our Book Corner 

THE BOOK DEPARTMENT of Scientific American is conducted, with the 
co-operation of the Editors, to make available for you a comprehensive book 
service. Each month the Editors select and review in these columns new books 
in 0 wide range of scientific and technical fields. In addition, they are ready 
ot oil times to advise you regarding the best ovailoble books on ony sub- 
ject. You arc invited to use this service freely. Tell our Book Department 
whot kind of books you wont ond you will be furnished with the names of 
available books, including prices. When inquiring about books, please be spe- 
cific: remember that we can be of the greatest help only when you tell us 


just what you are looking for. 
from our Book Deportment. 

YOUR INCOME TAX 
By J. K. Litstr 

B rief, straightforward explanation in 
clear, non-technical language of what 
must be dune about your federal income 
tax, when and how to do it. Simply, yet 
completely, arranged with excellent cross- 
references. For those preparing their own 
or first return; for those interested 
primarily in legal deductions ; for men in 
the Armed Services; for salaried men, 
business men, partnerships, husbands and 
wives, farmers, estates, trusts, and minors. 
Contains list of possible deductions avail- 
able to those in 312 different jobs and 
professions. By mailing postcard con- 
tained in the btxik, you may obtain free 
supplementary service to keep abreast 
of federal tax law changes prior to March 
15, 1943; also, a free supplement cover- 
ing income tax laws for your state. Author 
is a Certified Public Accountant. (151 
pages, 8>2 by 11 inches, indexed.)— $ 1.10 
postpaid — A.D.R., IV, 

POPULAR MATHEMATICS 
By Dinning Mllltr 

A nodyne for those who have matlie- 
matical indigestion. More than any 
of the numerous mathematical crutch 
books recently published, this one gets 
down to the average lone sufferer’s level 
and it really purrs. That is, the text is 
more largely chat than formula, and its 
atmosphere is friendly and helpful and 
distinctly sympathetic. It is to a typical 
textbook as a kindly outside tutor is to a 
sour, dour, case-hardened, classroom in- 
structor. Ground treated is arithmetic, 
geometry, algebra, analytical geometry, 
trigonometry, conic sections, solid geome- 
try, spherical trigonometry, calculus. The 
coverage is not complete; it would not 
stand alone. It is, rather, a collateral book 
—and good friend. (616 pages, SVi by 
inches, illustrated.) — $3.85 postpaid. 

SCIENCE REMAKES OUR WORLD 
By Jamts Stoklty 

^^ppLiED science has many aspects and 
so has James Stokley, whose competence 
to present and elucidate them to a science- 
minded public is based on many decades of 
background in interpretive science writ- 
ing. Here he deals with explosives, tomor- 
row’s fuels, plastics, chemical clothes, 


Books listed in these columns may be ordered 


rubber, agricultural and medical chemis- 
try, vitamins, new metals, metals from 
sea water, glass, aviation of the future, 
electronics, radio, light sources, the atom, 
new power sources — all in a way to in- 
struct and entertain. (299 pages, 5H by 
8->4 inches, 35 illustrations.) — $3.60 post- 
paid. — A.G.I. 

A-C CALCULATION CHARTS 
By R. Lorenzan 

H ighly specialized time-saver, in the 
form of 146 charts, for engineers and 
others who work on electrical communica- 
tion and power problems. With the 
straight-edge, provided in a cover pocket, 
it is possible to solve all alternating cur- 
rent calculations in series circuits, para- 
llel circuits, series-parallel and mesh cir- 
cuits, at frequencies from 10 cycles to 
1000 megacycles. (10 by 12^4 inches, 
printed m two colors.) — $7.60 postpaid. — 
A.P.P. 

NEAR HORIZONS 
By Edwin Way Taala 

R elatively few scientists are heavily 
gifted with literary charm, while some 
of the most charming writers who have 
ventured into scientific realms were not 
very scientific. This author's writings do 
have charm and they also arc scientific. 
This delightful work is an account of in- 
timate observations of insect lives and 
affairs in an “insect garden’’ — just a typi- 
cal patch of farmland. Its intimacy with 
the insect world is easily doubled by the 
author's remarkable close-up insect pho- 
tography — not of dead bugs on pins but 
of real live ones in the field. This piece of 
writing should endure like those of Fabre, 
which it resembles. Not for study but for 
enjoyment. (319 pages, 7 by 9)4 inches, 
100 illustrations.) — $3.85 postpaid. — A.G,L 

AMERICA AT WAR 

By S. Van Valkanbarg, EllswoiHi Huntlngtan) 
W. W. Atwood, Jr., W. Elmer Ekblaw, 
Clarenoe F. Jonos, Earl B. Shaw. 

S tudies of and information on such vita) 
wartime matters as The Quality of the 
People ; Our Land and its Oastline ; 
Terrain and War Strategy ; The Climatic 
Factor ; Foods for Defense ; Industrial 
Capacity and Supplies of Raw Materials; 
United States AUantic Defense; United 
States Pacific Defense ; America and 
Peace. The six authors, each covering a 
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global and geographic phase which is his 
particular forte, offer this solid and pro- 
found treatise on the factors to be consid- 
ered if a lasting peace is to be acliieved 
after the war. (296 pages, 5^ by 9 
inches; maps, charts, tables, index.) — 
$2 60 postpaid — A.D.R., IV. 

PLASTICS, PROBLEMS AND PROCESSES 

By Dalt E. Manspergar, M. A., 
and Carson W. Popper, M. A. 

T he whole story of plastics, including 
a resume of manufacturing processes 
and a number of chapters devoted to plas- 
tics uses, is presented in this thorough- 
going book written by men actively en- 
gaged in the work of which they write 
Main emphasis is on practical design and 
work. Appendices give lists of plastics 
manufacturers, and of supplies and equip- 
ment. (350 pages, 6^^ by inches, pro- 
fusely illustrated with ])hotographs and 
drawings, a comprehensive bibliography, 
complete index ) — $3 10 postpaid — A.P .P . 

SCIENCE IN PROGRESS 
Edited by George A. Baittell 

Eight chapters, respectively by Shaplcy 
(Galaxies); Hubble (expanding uni- 
verse) ; Bethe (energy production in 
stais) ; Zworykin (electron image forma- 
tion) ; Bridgman (high pressures) ; 
Marks (power generation developments) ; 
Franck (photosynthesis) ; Kirkwood 
(structure of liquids) ; Long (sulfanila- 
mide) ; Marks (synthetic rubber). Not a 
highly technical book, but not light, popu- 
lar stuff. Sigma Xi lectures. (322 pages, 
6 by 9^ inches, 112 illustrations,)— $3.10 
postpaid. — A.G.L 

FIREARMS AND THEIR USE 
By Wt Tt Castift and Y. F. Kimball 

A CONCISE review of various models of 
shotguns, rifles, and pistols with de- 
scriptions, instructional chapters on the 
use, and the intended purposes of the arms 
mentioned. Helpful for those learning the 
art of shooting as well as to instructors 
(232 pages, 5^ by 8]^ inches, index, 
many illustrations.) — $2.10 postpaid. — 
A,D.R., IV, 

AIRCRAFT SHEET METAL 
CONSTRUCTION AND REPAIRS 

By M. P. Harrold 

M ethods and processes described in 
this book are those which pertain 
particularly to aircraft construction and 
repair, yet much of the information given 
can be applied directly in production work. 
Emphasis throughout the book is on de- 
tailed instruction for actual jobs. (158 
pages, 5^ by 8 inches, 123 drawings.) — 
$1.60 postpaid. — A,P,P. 

HOW TO GET AHEAD IN A DEFENSE PLANT 
By Kenntth C. Hawthorne 

H ow to read blueprints; what to khow 
about iron and steel ; how to do 
simple mathematics ; what should t)e 
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Portland Cement 

Meade 

10.00 

5.00 

Asthma 

Vandcr 

1.50 

.75 

Catarrh 

Vander 

1.50 

.75 

Photography for Profit 

"Nettel” 

2.00 

1.00 

Qualitative Analysis 

Mason 

1.00 

.50 

Sparking of Steel 

Pitois 

2.00 


Mineralogy of Arizona 

Guild 

1.25 

.50 

Thermionic Phenomena 

Block 

2.50 

1.25 

Beet Sugar Chemists’ Handbook 

Moeller-Krause 

1.50 

.75 

Notes on Chemical Analysis 

Craig 

2.50 

1.25 

Research Narratives Vol. I 

Flinn 

1.00 

.50 

Research Narratives VoL II 

Flinn 

1.00 

.50 

Oil Salesman’s Primer 

Ettle 

3.00 

IJO 

Wood, Lumber dC Timber 

Haywood 

10.00 

5.00 

Varnish Making (A Symposium) 

6.00 

3.00 

Book of Diamonds 

Hershey 

2.00 

1.00 

Technology of Solvents 

Jordan 

10.00 

5.00 

Utilization of Fats 

Dean 

6.00 

3.00 

Chromosomes 

White 

1.50 

.95 

Structure of Metals dC Alloys 

Hume - Rothery 

1.75 

1.00 

Pyrotechny 

Weingart 

5.00 

2.50 

Weather Prediction 

Lester 

4J25 

2.50 

Rancidity in Edible Fats 

Lea 

4.00 

2.50 

Textile Testing 

Skinkle 

3.00 

1.75 

The Cyclotron 

Mann 

1.50 

1.00 

Fruit Pectins 

Hinton 

1.75 

1.25 

Proctor’s Leather Chemist’s Pocket 
book . . . . 

Atkin 

6.00 

4.00 

Cosmetic Formulary 

Bennett 

3.75 

2.50 

Food Industries 

Vulte 6C Van- 
derbilt 

3.50 

1.75 

Dipole Moment dC Chemical Structure Debye 

5.00 

3.75 

Overseas Trade dC Export Practice . . 

MacEvan 

5.00 

3.50 

Study dC Teaching of Spanish 

Peers 

3.50 

2.50 

Civil Protection 

Samuely 6C 
Hamely 

4.00 

2.50 


(To above prices add 10 cents domestic postage for each book. 

For foreign postage add 35 cents for each book.) 
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OUR BOOK CORNER 


The 

Editors 

Recommend 

B«s# Sellers in Stienee 


PLASTICS By J, H, Ouboia, Meaty information 
on the whole general aubjecl of plaetico, preiented 
in narrative form for easy reading. Tabulationi of 
properties of plastics, plus basic design information, 
for laymen and technicians alike. $3.10 

CHEMISTRY — By Gmrald fTendt, Ph.D. 
Chemistry made easier by a presentation that Is 
intermediate between popular works and classroom 
texts. This book contains the main substance of a 
brst-yesr college chemistry course, giving the reader 
better than a sketchy background in this important 
science. $2.35 

now TO READ ELECTRICAL BLUEPRINTS — 
By Gilbert M. Hminm and Carl If. Dunlap. A 
chapter on how blueprints are made, plus nine other 
sections, each of which is devoted to a specialised 
part of the electrical field, from bell and signal 
wiring through motor control diagrams to power 
station blueprints $3.10 


GET TOUGH! — By Capt. W. E. Fairhalrn. 
How.to-wbi.in*hand>to>hand-fighting directions, by a 
man who really knows rough-and-tumble methods 
that are not **clean** fighting but are designed to 
win. $1.10 


PLANE TRIGONOMETRY MADE PLAIN — By 
Albert B. Caraen. The emphasis in this book, by 
an author who has tried to make the subject as 
painless as possible, is on practical applications rather 
than on mental gymnastios. A good book for the 
home user who wants to bmsh-np on trig. $2.85 

TECHNIQUE OF PLYWOOD — By Charlea B. 
Norrla, Technical information on all phasea of ply- 
wood manufacture and nse, compiled for engineers, 
designers, and users of plywood. Important to 
many phases of wartime housing and manufacturing 
problems $2.50 

FUNDAMENTALS OP RADIO — By Jordan, 
Oatmrbrock, Pumphery, and Smeby. With this 
one volume alone, and with some diligence of applica- 
tion, it is possible to obtain a thorough grounding 
in radio pHnciples. In thoroughnoas of treatment, 
with due reapeot for the neede of the reader, this 
book is outstanding. $5.10 


THE TRISECTION PROBLEM — By Robert C, 
YsUna. Embodies mathematician’s answer to would-be 
triaector. Gives chief dependable data on this never- 
ending dispute. Compact, crisp, concise. $1.10 


ELEMENTS OF ORDNANCE — A textbook pre- 
pared for cadets of the United States Military Acad- 
emy. Covers manufacture, the chemistry of explosives, 
types of weapons, mathematics of ballistics, etc. 

$6.60 


AIRCRAFT INSTRUMENTS — By George Ellta 
Irvin. All types of instruments for aircraft use de- 
scribed for students, pilots, inspectors. Fundamentals, 
Instructions. $5.10 


FIRE FROM THE AIR — By /. Enrique Eatnetti. 
Pertinent facta regarding incendiary bombs. History, 
modem types, materials, and the strategy and tacties 
of their use in modern warfare. $.60 

MACHINERY’S HANDBOOK — Eleventh Edition, 
’’Bible of the mechanical industry,” enlarged to 
1815 pages of latest standards, data, and information 
required daily in the shop and drafting room. 

$ 6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS — 
By John Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. $6.80 

STEEL SQUARE POCKET BOOK — > By Dwight 

L. Stoddard. Practical methods of using the car- 
penter’s steel square for layout work of all kinds. 
Time-tried methods used by two erur-ations of car 
penters and found both rapid and arcurate $1.00 

MATHEMATICS — ITS MAGIC AND MASTERY 
•— By Aaron Bahat. Investment in approach to 
algebra, geometry, trigonometry, with time-saverM 

$4.10 

WORKING WITH THE MICROSCOPE — By 
Julian D. Gorrington, For the serious beginnei. 
Explicit, practical. $3.60 

TOOL MAKING By C. B. Cole. Instructions lot 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc., in different metals. 

$3.60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl. A well-written account of this newest 
tool of science, with all technicalities explained foi 
complete understanding by average persons. $3.95 

GETTING ACQUAINTFJ) WITH ELECTRICITY 

— — By Aijred Morgan. Phrased in layman’s lan- 
guacc and aimed at the average man who finds 
himself somewhat bewildered by electrical gadgets 
in his home, his automobile, and his place ef 
business, the text of this hook deals only with 
basic principles. $3.10 

MILITARY BASIC COURSE — By Capt. Franh 
X. Cruikahank. Complete story of Army opera- 
tions In handy pocket volume. Fabrikoid binding. $1.35 

A MARRIAGE MANUAL — By Hannah M. Stone, 

M. D., and Abraham Stone, M.D. A practical 
guide to sex and marriage, covering fitness for mar- 
riage, mechanism of reproduction, prevention of con 
ception, and similar vital subjects Answers questions 
most often asked these authors by their eoasultanta 

$2.60 


THE ADVANCING FRONT OF MEDICINE, By 
George W. Gray — Summary of the high points ol 
our present-day knowledge of the nature of disease 
Alimentation, high blood pressure, the sulfa drugs, 
infliienra, allergy, insanity, sleep, pain, drink, smok 
ing, anxiety, cancer, aging. A truthful picture ol 
the status of medicine $3.10 


AUTOMATIC ARMS — By Melvin M. Johnaom 
and Charlea T* Haven. Comprehensively covers 
machine guns, machine rifles, sub-machine guns, 
pocket pistols, shotguns, sporting, military rifles in 
automatic classification $5.10 

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS. Practical working manual for 
commissioned, non-commisaiened officers. $.50 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A classic reference book recently revised and brought 
up-to date to keep pace with recent research. In 
eludes material on all branches of chemistry, physics, 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding, 
2563 pages. $3.60 

ATOMIC ARTILLERY — By John ReUoch 
Robertaon. Electrons, protons, positrons, photons, 
neutrons, and cosmic rays, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificisl radio 
activity $2.88 


0 The above pHees ore postpaid in the United States. Add, on foreign orders, 
25^ for postage on each book, except os noted. 
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known about simple alloys ; taking 
ineasin cnicnts , wood and wocxl finishing; 
care of tools ; knowledge of plastics ; use 
of special instruments ; lubrication. All 
these, and more, are delineated for the 
benefit of war plant workers by an author 
who has had a bioa<l tec hnologtcal edu- 
cation and e\perieme (270 pages, 
l)y inches Over 150 illustrations; 
index ) — $2 60 postpaid — .d D R , IR. 

THE AMATEUR SCIENTIST 
By Stephen Thomas 

I 

S I UDY >f the place in society of the ama- 
teur .scientist, using Philadelphia 
' (where amateur science groups reach 
greatest numbers and variety) as an ex- 
ample. It shows what can be accomplished 
in any live community m the organization 
and conduct of amateur science groups 
based on zoology, aeronautics, geology, 
astronomy, botany, photography, entomol- 
ogy, and a large number of others. This 
IS not a hook on any hobby per se, but is 
aimed at orgamzeis, museums, and the 
like (291 pages, 5’' by 8 inches, 17 il- 
lustrations ) $5 10 jiostpaid . — A G I. 

GETTING ACQUAINTED WITH CHEMISTRY 
By Alfr$d Morgan 

C oNTurn I JONS of chemistry to our 
daily lues are here explained in 
terms of articles and products which we 
constantly use From this simple, yet 
thorough-going stoiy, the leader can 
icatlilv acquire more than a speaking 
I a((iuamtaiKe with many of the phases 
I of this fascinating science. Also given is 
advice on building the home Laboratory, 
and a number of practical experiments. 
(272 pages, 6 by 8^ > inches, a large num- 
ber of drawings and a few photographs.) 
- $2 60 postpaid •-A P P. 

THE EIGHT MILLION 
By M$yer Berg$r 

S UK in LED “The Journal of a New York 
Correspondent,” this book is by one 
of the country’s best reporters. Berger’s 
raw materials arc people — the queer, 
quaint, curious, pathetic, and heroic. He 
combines the scientific objectivity of a 
seasoned reporter with deep understand- 
ing, sympathy, and a distinct bent for the 
nostalgic. The result is a series of more 
Ilian two score vignettes of life in the 
New York that the out-of-town night 
club and theater visitor seldom sees. It’s 
an up-to-date “Bagdad on the Subway.” 
(334 pages, 6 by 8^ inches, illustrated.) 
— $2 60 postpaid — A DR, IV. 

A SHORT HISTORY OF SCIENCE 
By Charles Singer 

{jrihNCE, from its earliest beginning to 
^ now. The author is a distinguished 
British authority on such history. The 
text is compact and jxissibly too much so 
--a hit jerky, like a notebook, — possibly 
from an attempt to cover too many de- 
tails 111 a given length Authoritative as 
a reference Kiok. (399 pages, by 
inches, 94 illustrations.) — $3.85, post- 
paid. — A. G I, 
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CURRENT BULLETIN 
BRIEFS 


(The Editor will appreciate it 
if you Will mention Scientific 
American when xvnttng for any 
of the publications listed below.) 


Rubbfr Guide Book is a 32-page bulletin 
which covers the principle methods of 
manufacturing rubber products and places 
special emphasis on hydraulic equipment 
parts made from Ameripol synthetic rub- 
ber. Rublier gloves, sponge products, ex- 
truded goods, hard rubber parts, rubber 
cement, and so on, are some of the specific 
subjects covered Miller Rubber Industrial 
Products Division of the B F. Goodrich 
Company, Akron, Ohio — Gratis 

Directions for Inspkc i inc., Recharc.inc., 
AND Maintaining Portable Kirk Ex- 
TiNGuisHFRS IS a six-pagc folder stressing 
the importance of keeping fire-extin- 
quishing equipment in good (Operating con- 
dition at all times. Pyrene Manufacturinq 
Company, 560 Belmont Avenue, Newark, 
New Jersey. — Gratis. 

Magnetic Separation ok Ores, by R. S. 

Dean and C. W. Davis, is a 417-page 
book, containing 165 figures, which dis- 
cusses briefly operations and trends in 
magnetic separation, explains the process, 
describes and classifies machines used, 
and outlines their development. Request 
Bulletin 425. Superintendent of Docu- 
ments, Government Printmq Office, 
[Vashinqton, D. C. — $l 00 cash or money- 
order. 

F'end is a 16-page brochure which dis- 
cusses the whole subject of industrial 
skin troubles, and describes different types 
of creams and lotions which have been 
developed for barrier protection against 
industrial dermatitis. Request Bulletin 
FA-79. Mine Safety Appliances Company, 
Braddock, Thomas, and Meade Streets, 
Pittsburgh, Pennsylvania — Gratis. 

Hou.sing Terms are given in a newly 
compiled glossary, the definitions being 
those that are generally accepted and cur- 
rently used. Request “Building Materials 
and Structures Report BMS91.” Super- 
intendent of Documents, Government 
Printing Office, Washington, D. C. — 15 
cents, coin. 

Tell It To Sweeney is a 16-page illus- 
trated pamphlet showing the advantages 
to be had from a properly designed inter- 
plant sound system for industrial com- 
munication. Request this bulletin on your 
business letterhead. Stromberg-C arisen 
Telephone Manufacturing Company, 100 
Carlson Road, Rochester, New York . — 
Gratis. 

ViNYLiTE Plastics for Wire and Cable 
Insulation is a 12-page illustrated 
booklet which reviews the advantages of 
these resin compounds for insulation pur- 
poses, from standpoints of installation, 
service, and safety. Tables which arc in- 
cluded indicate physical and electrical 
properties of the compounds, and typical 


applications. Request this booklet on your 
business letterhead. Halowax Products 
Dnnston, Union Carbide and Carbon Cor- 
poration, 30 East 42nd Street, New York, 
Netv York. — Gratis. 

Rapid Rkvtlw of Elementary Algebra, 
by Jonas T May, is a quick, efficient 
review for class or individual use. All 
main points arc covered. Answers are 
given to all problems. Emerson Books. 
Inc , 251 West 19th Street, New York, 
New York. — 18 cents. 

Lithco Principles and Data is a 8- 
page booklet illustrated with charts 
and drawings which describe recent ad- 
vances in heat-treating and carburizing 
atmosphere processes. Advantages of 
these processes are stressed, and sufficient 
general information is given to show how 
they are applied. It is claimed that these 
processes are especially suited to high- 
speed production work. Lithium Corp., 
42 Raymond-Commerce Building, New- 
ark, New Jersey — Gratis 

Midget Mttai Base Relays is a single 
sheet giving technical data on a type 
of relay widely used in small radio trans- 
mitters, aircraft circuits, and other places 
where space is limited. Request Bulletin 
104 I Yard Leonard Electric Company, 
Mount Uernon, Ne7v Y ork —Gratis. 

The Splcthc Heats of Certain Gases 
O viR Wide Ranges ok Pressures and 
Temperatures is a 22-pagc bulletin cov- 
ering the subject of the title as applied to 
air, carbon dioxide, carbon n^moxide, 
ethylene, hydrogen, methane, nitrogen, 
and oxygen Given are the general equa- 
tions needed as well as graphs. Request 
Bulletin 30 Engineering Experiment Sta- 
tion. Cornell University, Ithaca, Neiv 
York — Single copies gratis 
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The Morie Decimalizer 



The DECIMALIZER shows In a few simple 
manipulations Just where to place the decimal 
point In the result of any computation involTlng 
several elements, part or all of which may be 
decimals — for example, In such a problem as 
(9 X 0432 X 74.1 X 3 8) ~ (245 X .0093 X 36). 
The DECIMALIZER removes that * ‘decimal point 
hazard’* Inherent In computations made with the 
slide rule or otherwise 

Pocket size; durable (stainless steel); exceed- 
ingly smooth In action Furnished in leather 
case, with complete directions for using. Price 
12, postpaid, with extra, easily Interchangeable 
scale which enables the instrument to perform 
extended multiplication and division, 60 cents 
additional Money back, if returned within 10 
days 

GKOROR H. MORSK 
927 — 28th Street South Arlington, Va. 
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Home-Study Course in 




SENDING and RECEIVING 
RADIO CODE 


— with all necessary instruc* 
dons and practice material 

Just Out — Arthur R. NHson*t 

RADIO CODE MANUAL 

Price, $2.10, postpoid 

A complete course in radio coda bow 
to sand and read it. Gives 20 lessons, 
beginning with simplest code characters 
end leading up to the handling of actual 
massages and press dispatches, weather 
raports, and distress massages. 


Lam IN ATI D Solenoids is a single-sheet 
ciicular giving engineering data on two 
new units designed for maximum magnetic 
fone for a given electrical input. The 
units are of the pull and the push-pull 
types. Dean IF. Dai'ts Sr Company, Inc., 
549 West Fulton Street, Chicago, Illinois. 
— Gratis. 

Quality Production Toois is a 56-pagc 
listing of saws, drills, shapers, grinders, 
and so on, stressing their efficient applica- 
tions to present-day production require- 
ments Request Industiial Catalog No 10 
The Delta Manufacturing Company, 600 
East Vienna Ai^enue, Milwaukee, Wiscon- 
sin. — Gratis. 

Princo Catalog 42 is a 42-page illus- 
trated display of a wide range of electric 
counters and actuating switches, mechani- 
cal counters, and timing and recording de- 
vices. Many specific applications are 
shown. Production Instrument Company, 
710 West Jackson Boulevard, Chicago, 
Illinois. — Gratis. 

Books and Films on Lathe Operation 
is a four-page folder describing helpful 
material which has been prepared for 
training lathe operators Request Circu- 
lar No. 21 -C. South Bend Lathe Works, 
South Bend, Indiana.-^Gratis. 
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I COMPLETE HOME- 
STUDY COURSES 

' and self- instruction 
books, slightly 
used. Sold, rented, 
exchanged. All sub- 
jects Satisfaction 

guaranteed. Cash 
•aid for used courses. Full details and 84-pagc 
illustrated bargain catalog FREE. Write today. 
NELSON COMPANY 
500 Shsrman, Dept. B-243, Chicago 


TECHNIQUE OF PLYWOOD 

By CHARLES B. NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing, 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
book, has been gathered technical in- 
formation on all phases of plywood 
manufacture, specially written for en- 
gineers, designers, and users of ply- 
wood. (249 pages, 5 by 7]^ inches, 
tables and drawings.) — $2.50 postpaid. 
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TELESCOPTICS 


A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor o# Hio Sciontific Amoricon books ''Amcitour Toloscopo Moking*' 
ond ^'Amotour Toloscopo Making— Advancod'^ 


C oi.oRAix)’s altitude and clear air provide 
encouragement to amateur astrono- 
mers, and one of these is John Bunyan, 
president of the Berthoud National Bank, 
Berthoud, Colorado, whose observatory, 
first pictured in these pages in January 
1934, then consisted only of the nearer 
structure in Figure 1. This contained a 
meridian telescope (note covered roof 
slot). The square structure behind it 
houses, beneath a gantry roof which runs 
oflf to the right, a 10" Cassegrainian. 

Just beyond this run-off roof a third 
has now been added, to house a camera 
and mounting. The roof of this addition 
rolls off to the north, and the south gable, 
visible in Figure 1, near the telescope, is 
hinged and lets down on a post. 

Thus, John Bunyan, a pilgrim origi- 
nally from New York State, has prog- 
ressed from one to two, and from two to 
three, observatory entities. 1'he recently 
added camera assembly (Figure 2) was 
built, Bunyan states, largely with the help 
of Carl Conder, a good local mechanic. 

Bunyan writes: “The supporting frame 
and the rectangular polar axis are built 
of 5'* channel steel. The ends of the polar 
axis are of 2" steel shafting, the lower, 
which carries most of the weight, resting 
on a thrust ball bearing. The upper bear- 
ing is plain. The declination axis is made 
of 2^ steel shafting with one end threaded 
and screwed into a steel plate which is 
bolted to a piece of plywood, 16" 
square. The camera and guiding telescope 
are fastened to the plywood. 

“The counterweight at the other end 
of the declination axis is a steel pulley 
partly filled with concrete. The right 
ascension and declination circles arc 
turned out of plywood and are bound 
with brass strips (kind used to cover 
joints in linoleum). Tightly fitted over 
the brass strips are circles formed of 45" 
lengths of steel tape. Thus each on 
the declination circle is 1°, and each 
on the R.A. circle represents 4 minutes 
of time. 

“The camera lens is a 4J^" group por- 
trait lens of about 25" focus. The camera 


box IS built of wood and is equipped with 
plate holders for 5" x 7" film. The eyepiece 
used in the guiding telescope is home- 
made. It has a biconvex lens and the 
crosshairs are made from tungsten fila- 
ments taken from an old style 25-watt 
lamp. These are illuminated by a flash- 
light bulb. A full sized dry cell, contained 
in a can mounted beside the telescope, 
furnishes the current. A volume control 
from an old radio is used as a rheostat to 
dim the light. 

“A 12" cast-iron worm gear (Figure 
3) with 96 teeth moves the polar axis 
by means of a friction clutch. This gear 
is driven by a single-thread hardened steel 
worm fastened to a steel shaft which 
carries a 30-tooth worm gear. The latter is 
driven at sidereal rate by a double-thread 
steel worm which turns at 1 rpm. A 
Hansen synchronous motor, with shaft 
geared to 1 rpm mean solar time, fur- 
nishes the timing and acts as a brake 
against the pull of a weight and sashcord 
over a plywood pulley on the polar axis 
Interposed between the 1 rpm motor out- 
put and the 1 rpm sidereal rate of the 
last-mentioned worm are spur gears giv- 
ing a ratio of 364 to 363, which is the 
closest 1 could approximate the sidereal 
rate with stock gears. However, the error 
is so slight that it is inconsequential for 
the periods the camera is at work. 

“There is a clamp on the declination 
axis with worm for slow motion. A worm 
connected with flexible cable moves the 
whole assembly in R.A., for manual guid- 
ing whenever a selected guide star strays 
from the crosshair. 

“The whole outfit is carried on a heavy 
concrete pier and no part of the building 
touches it. Moving around m the building 
does not set up any vibration at all in the 
instruments.” 

S UNDIALLING is a kind of cousin to ama- 
teur astronomy, and of course the aver- 
age amateur’s general reading in a.strono- 
my enables him to pick up its principles 
relatively easily. Figure 4 shows a stone 
sundial made by Bunyan, who also is the 



Figure 3: Bunyon's drivg 


author of the chaper on making a sidereal 
clock, in “A.T.M.A.” The base of the 
gnomon (“substyle”) is 15" in length and 
this gives the scale of the other details 
The lines and numerals were not incised, 
but sandblasted at a local marbleshop, and 
are wide by deep. In cutting in- 
scriptions, marble cutters, until a genera- 
tion ago, used a hand chisel and mallet 
Then came the pneumatic chisel, and now 
this has been supplanted by sand blasting. 
The flat stone is first covered with a coat 
of elastic material and the desired lines 
and letters are cut through this covering — 
like a stencil. When a continuous blast of 
air-propelled sand from a nozzle is di- 
rected against this prepared surface, the 
sand grains rebound from the coating but 
strike the stone wherever it. has been cut 
away, and thus they rapidly eat away the 
stone This method explains the deep in- 
scriptions on the more recent tombstones — 
cuts far too deep and narrow to have been 
made by percussion tools 



Figure I: Bunyan’s fomily of obtorvotories Figure 2: Tho 4H"' comero and mounting 
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Bunyan’s dial is set up near his obser- 
vatory. If really carefully desi^?ned and 
painstakingly made, a dial will give accu- 
rate time within about one minute, pro- 
vided the daily correction for equation of 
time is made. Naturally, only a dial of 
this kind would suit the pride of the 
average amateur telescope maker. 

T his department often is asked for the 
^‘inside figures” on the total number of 
telescopes made since “Amateur Telescope 
Making” first appeared in 1926. We don’t 



know. To obtain really solid data on this 
would be difficult. All we can do, there- 
fore, is “guestimate.” Over 30,000 copies 
of “A.T.M.” have been purchased since 
1926, but what percentage of purchasers 
actually made telescopes? What percent- 
age made two^ Three? Five? Ten? (Yes, 
some have made that many). Our guesti- 
mate is 20,000 telescopes — what’s yours 
Some think this figure too conservative 
Pei haps. Perhaps not. Anyway, let’s say 
20 . 000 . 

It’s fun to imagine all these 20,000 tele- 
scopes assembled in one place. Let’s allot 
each one ten feet square and one observer 
That represents a Telescope Farm of 
about 50 acres, solid. Go aloft in a plane 
and look down at them alll 

To make it more interesting, let’s have 
them all pointed at one object; it might 
as well be the plane, and theie’d be a 
poetic justice in having in the plane the 
man who, more than any other man, made 
it all possible — Rus.sell Porter. Maybe 
he’ll wave a hand over the side (this 
story is becoming melodramatic). 

Of course, not all these telescopes are 
now in actual use. There must be a few 
thousands which could be put in other 
hands to good advantage. Readers also 
ask us, now and then, where they can 
pui chase a second hand telescope. To test 
whether any good could be done by thaw- 
ing out this frozen situation wc shall be 
glad to publish, in one number, the names 
and addresses of those who have second 
hand telescopes they would be willing to 
dispose of. 

F un to make your own eyepieces. Whole 
battery of them (Figure 5, top and bot- 
tom) were made by H. J. Gebelcin, 1314 
Carey Ave., Davenport, Iowa, and are 
respectively ^4”, K", 3/16” 

and *4" efl. Middle photograph shows 
some of the innards of the same eyepieces 
—those of the 1^", H'', 54” and H"- The 
eyepieces are the solid type (see “A.T.M.,” 
page 178). The glass used was Chance^ 
Brothers C. C. Crown 1,51, 

Gebelein also built an 8" Gregorian with 
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Surface Hardened 

ALUMINIZED 

Coatings 

are uniformly auperior in reflectivity ai^ 
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aurfaca mirrora. 

These Surface Hardened Coatinga are uaad 
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LEROY M. B. CLAUSING 
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By Thomas W. Barber 
Not a treatise on machine design, 
nor an instruction book on construc- 
tion, but an imposing omnium 
gatherum of classified drawings in 
truly astonishing number and vari- 
ety (2987 of them) of basic elements 
of mechanical and structural com- 
position from which to select the 
various details required to build up 
a given piece of mechanism. It has 
had a long and wide sale. 

^4.45 postpaid 
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The James B. Hall "Factory 
Special/' popular stondby 
of over 20,000 cigor smok- 
ers, is one of our outstand- 
ing values. This famous all- 
hand-made cigar Is expertly 
blended of fine imported 
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carefully selected Connecti- 
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You buy these fine cigars at 
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Cigars, packed in metal hu- 
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$2.00. We do not know how 
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offer. Conditions are chang- 
ing daily ond the supply of 
metal humidors is limited. 


You Take No Risk 

Send your order today. We guarantee to refund 
your money if you are not satisfied with the smok« 
ing quality of these cigars. Send remittance with 
order, we will pay postage, or sent C.O.D. you 
poy postmon, plus 18^ C.O.D. fee. 


JAMES B. HALL 
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protection against them. They describe 
British experience from an eyewitness 
standpoint. There is a chapter on ^ertn 
warfare, in which they point out it is 
"the least probable” type of all-out civil- 
ian attacks, but they warn that Germany 
and Japan are “ruled by megalomaniacs.” 
The A. K. P., the effects of bombs on 
civilians, and a glossary of facts the 
civilian must know round out this 
valuable and well-written volume. (183 
PUgrB, 5^ by 8 inches, iq illustrations.) 
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TELESCOPTICS 


23" /./. primary and ratio 6. “This tele- 
scope,” he says,” has given me many 
hours of real enjoyment.” 

T urret for battery of telescope eyepieces 
is a decided convenience. In this de- 
partment, November 1940, a 3-eyepiece tur- 
ret was described. That turret was made 
on a lathe, but J. Irland, 22035 Donaldson, 
Dearborn, Michigan, says he made the 
4-eyepiece turret shown in Figure 6 with- 








Figure 5: Gobeletn's boffery 


out benefit of lathe. Two slices off a 4" 
brass rod, file, soldering iron, 1*4'^ tubing 
“1 confess to some fuitive assistance from 
a small drill press in hacking out holes 
to start filing on,” Irland says, “but even 
that could be done by hand. Incidentally, 
one of the slices of 4" rod was a wedge, 
3/16” thicker one edge than on the other, 
and hogging it down was as much work 
as roughing out a mirror But the thing 
works ” 

A brasives are becoming scarcer, and 
methods for husbanding them, de- 
scribed by Lewis A. Parsons, 125 Brent- 
wood Ave , San Francisco, California, 
should prove useful until the war is over 
“In washing, or levigating rouge, the 
particles flocculate or bunch up, and thus 
the finer parts are dragged to the bottom 
with the coarse. I therefore disperse the 
particles, settle them, pour off the finer 
parts and then purposely flocculate these 
so that they will settle. 

“Put, say, 4 oz. of rouge into a cleaned 
one-gallon bottle and add about 1 oz. of 
sodium silicate (ordinary water glass). 
Then fill the Ixittle with water, shake it 
thoroughly, and let it stand an hour. Next, 
siphon off the top half into another bottle, 
to which add perhaps 2 to 4 oz. (determine 
empirically) of lime water, a solution from 
slaked lime. This flocculates the rouge, 
which settles almost at once, permitting 
the clear water to be siphoned or de- 
canted off. Then refill the first bottle, 
shake and repeat the operation. When the 
first bottle stops producing more, throw 
away the residuum. As the sludge settles 
in the second bottle, flush it into a mason 
jar and from time to time decant off the 
water. Use it as a cream or paste and do 
not let it dry. This produces beautiful 
rouge — not a scratch in a carload.” 

The following will similarly recover 
rouge, also Carbo and emery. The dis- 


persing agent is Igepon AP Extra, sold 
by General Dyestuff Corporation, 435 
Hudson St , New York, also 38 Natoma 
St., San Francisco, at a rather low rate 
in five pound lots. It is a detergent, and 
comes in powder or flakes. 

“Grades of Carbo coarser than 240 
settle so fast anyway that the finer stuff 
is best washed out first (elutriated by a 
gentle upward stream of water) and then 
dispersed and separated into its fractions. 
Carbo or emery that has been used a 
couple of times will yield as fine a prod- 
uct as desired. After the dispersed abra- 
sive has been siphoned off, it is flocculated. 
The best all-round flocculating agent is 
ferric chloride. Caustic soda could he 
used for Carbo alone. Caution: Don’t use 
It together with ferric chloride. 

“The technique is simple. Shake up the 
abrasive in a bottle or jar with a little 
Igepon (experiment for exact proportion). 
Let it settle for a time based on the size 
you are after. Siphon off. Flocculate with 
ferric chloride. Continue the cycle till no 
more good stuff comes off. Dump the 
residue into a coarser size. Nothing is lost 

“Many use too much abrasive with 
too little water, which prevents free set- 
tling. The grains hinder each other and 
there may he some big chunks in the part 
siphoned off. Use not over a quarter pound 
dry abrasive weight of abrasive, to a 
gallon of water For the very fine sizes 
and dqpble levigation one would probably 
do better with five gallons for the final 
settling. 



Figure 6: Irland's eyepiece turret 


“There are cvidcTiccs that glass will not 
flocculate and can be decanted after the 
good stuff has settled. 

“Iron can be removed from the dried 
abrasive powder with a magnet. 

“Some more work remains to be done 
on these methods. 

“If some of the abrasive is placed on a 
slide under a microscope, the field will be 
seen to he made up of grains that fall in 
one size-group, yet the sizes are not all 
the same. Sticking out arc usually a few 
much larger grains — enough to scratch. 
These are the grains whose grooves must 
be ground out with the next finer 
size, and which slow down the grinding 
process.” 

The methods described above by Par- 
sons will prepare grades corresponding to 
the finer sizes of Carbo. In inexperienced 
hands they will not often duplicate the 
results obtained by the manufacturers since 
there is a vast amount of technique in 
grading abrasives and the manufacturers 
have spent years learning it. It will, how- 
ever, approximate these results. It also 
will provide some of the finer sizes such as 
Carbo 1000 and emery 2600. 


w onmnAnt Orapfft. Cona«cUcut. 




HEAT at 1650 degrees, Fahrenheit, 
will toughen gun barrels in the 
seven-ton Westinghouse electric 
furnaces, two shells of which are 
shown on our front cover. The 
furnace shells illustrated will later 
be lined with brick and equipped 
with chrome-nickel alloy heating 
elements. From these furnaces will 
come hardened and tempered gun 
barrels to blast the Axis. 
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50 Years Ago in . . . 



(Condensed From Issues of March, 1893) 


CANALS — “The i)ronioters of tlu* Nicaragua Canal sclietne 
ask tlie United States Kovcriiment to guarantee their securities, 
and thus father the enterprise and hasten tlie work of construc- 
tion hv giving the securities finamial standing 'Phe Panama 
experience is a lesson from winch much can he learned, and no 
patriot American would w^ant it duplicated.” 

1)RILLING RIGHTS — “The question of whether an oil opera- 
tor has a right to dull thiough coal which has been leased previ- 
ously, to reach oil or gas below, is one which has been the basis 
of a number of suits, and the lower courts in this State have de- 
cided that the owner of the surface has such right ” 

( AN SALVACiK — “In the suburbs of great cities an industry 
has sprung up having for its object the recovery of the solder 
used in making and sealing tin c*ans . . The furnace is an old 

soap boiler. int(» w'liicli a few sticks are throwm; the bowl is 
tlien filled with cans, a quart of kerosene poured over them and 



Ignited I he heal developed by the oil is not great enough to at- 
tack the tin, hut melts the solder, which flows to the bottom of 
the Ik)wI. The solder recovered from a load of cans averages 
forty pounds. Altei this process is comideted the tin plate scrap 
IS sold.” 

RFX LAM.'V riON — -“ihe sweepings from manufacturing jew- 
elr> establishments, consisting of pajier, dust, old crucibles, etc , 
are packed in ban els and carted to a rehnery, where the mateiial 
IS fust put into furnac'c^s and burned. . The value' of these 
sweepings varies greatly, averaging about $5 per bairel, although 
It has been known to run up as high as $500 per barrel ” 

SILK Ihe classification of ,silk goods of American manufac- 
ture is now' practically without limit, embracing every article 
made in the older silk manufacturing countries, and fully equal 
to the* foreign product in cfuality of weave, beauty of design, and 
e.xc'ellence of hnish ” 

f^'^'T'TLESHIP An iioiiclad battleship of the first order w'as 
launched at . . Philadelphia, on February 28, and was christ- 

ened the Indiana She is the largest vessel built thus far on this 
side of the Atlantic, . , She is of 10,200 tons displacement, 
having a length of d48 feet, a breadth of 09^4, anc\ a mean 


draught of 24 . The engines arc twin screwv, of the vertical, 

triple expansion, clnect acting, inveited cylinder type, placed 
in water-tight compartments separated by bulkheads . . The 

vessel has a powerful ram bow', and is divided into a great num- 
ber of watertight compartments by means of longitudinal and 
transverse bulkheads of 10 and 12 pound plates.” 

LOCOMOTIVE — “The new monster lcx:omotive of the Mexi- 
can Central Railway . . is probably the largest and most power- 
ful locomotive engine now extant. It has been built for special 
service in chawing freight trains over the heavy grades and 
curves between Tampico and the city of Mexico . . . The 
weight of this great machine is 120 tons. . . The high pressure 
cylinder is 13 indies in diameter and the low pressure 28 inches 
The boilers carry 180 pounds of steam to the square 
inch ” 

'ITRK.S — “The latest aclaptatum of imeumatic tires is to the 
wheels of an omnibus wliicli is being tried by the Glasgow Tram- 
way ('ompany at (ilasgow, Scotland The tires arc about ZYz 
inches in diainetei, and can w ithstand a pressure of 187 pounds 
to the scjuaie indi To guard against any risk of the India rubber 
being punctured liy sharp stones or otherwise, the tires are thor- 
oughly protected by several plies of canvas, with a covering of 
wire-wove netting The omnilins is saicl to lie a very comfortable 
V elude to ride m” 

RAILROAD ARMY — “i'liere is an army of men employed 
upon the railroads of the United States, an army of 784,000 
4 hey arc not engaged in idle maneu\ers, chess parades, bar- 
rack drills, ui preparations for warfaie, hut by theii diligence, 
cneigv, .^ncl toil contribute immensely to the wealth, well being, 
and development of the countiy, the inlei change cd its pioducts, 
the difTusion of information, and the prompt transportation uf 
vast mimhers of passengers, witli a remarkahiv low' i>cTcentat>^e 
of casualties ” 

FHJLP — “Compared with its picdecessor, last year shows a 
slight decline in the production of wood pulp . There are now 
in Norway eleven sulphite and four sulphate manufactories. Sev 
cral of these arc also connected wuth paper mills The exports 
dining 18Q2 of ciiemical wc^iocl pulp were about 20,000 tons dry, 
as compared with 17,500 tons in 1891, and about 8,500 tons wet, 
as comiiaied with 9,500 terns m 1891 ” 

INVFNTORS — “Inventors, like most other men, are willing to 
make money cnit of their inventions, hut many of them go about 
their work in just the wrong way. . . . They stick to the idea 
that fame and fortune come only to the inventor who makes a 
revolution If such men will only Icok over histoiy carefully 
they will find that the great fortunes and fame made of ‘revolu- 
tionizing’ inventions are few and far between, while the greater 
nurnbei of successful inventois have made their fortunes out of 
things that are small, simple, and capable of general use ” 

AUTO-PHOT OGRAPHY — “Ot all the many uses to which the 
automatic selling machine has been put, that of taking photo- 
graphs seems the most remarkable. . . . The operation, so far as 
relates to the exposure, development, and fixing of the picture, 
is entirely automatic, and tlie little picture which the machine 
throws out, after a momentary washing, appears to be a marked 
success over previous efforts in this direction.” 


98 


SCIENTIFIC AMERICAN . MARCH 1943 




Personalities 

in 

Science 


W HEN the United States OHice 
of Induration made plans for 
a nationwide program to train defense 
workers a year before Pearl Harbor, 
Dr Warga was the only person, man 
or woman, chosen to teach spectro- 
scopy 'Foday, after two years, she has 
taught 250 peojile to analyze material 
for shell casings, gun barrels, tank and 
airplane bodies, and for practically 
evetything else made of metal from 
fine precision tools to battleship armor 
Dr W arga is assistant professor of 
physics and director of the Co-opera- 
tive Spectr oscopic T.ahoratory at the 
University of Pittsburgh In addition 
to govei nment-sponsored chemists, 
physicists, and metallurgists, each year 
she trains 50 university students to 
read the secrets of the spectrograph 
Because of this instruction, her trained 
men and women give an inestimable 
boost to war production. They work 
m the laboiatories of steel mills and 
other defense plants, saving untold 
numbers of man-hours by their imme- 
diate recognition of the constituents of 
liquid s^eel In a matter of minutes 
they can pass a batch of steel or reject 
it for failing to meet government speci- 
fications Since they work so fast, the 
batch can be remedied while still in 
the molten state, should it be found 
lacking. 

Scientists call the spectroscope the 
most wonderful scientific instrument 
in the world It uses the color 
spectrum as a standard against which 
it compares the known color for each 
of the 02 elements in nature. It burns 
at intense heat a small sample of the 
material about which the facts are 
sought. The colors given off during the 
burning reveal the elements in the 
sample Each element has its own 
physical pattern, a grouping of lines 
too sensitive for the eye to se^ but 


^ isd)le on photographic platen Adept 
at “spot” identification of these colors 
and lines. Dr Warg.i teaches her wai 
workers to recogni/e them too Ihey 
learn what the color and pattern should 
be X^ariations reveal defects 

Di Warga has worked with the 
spectroscope since she was 20 years 
old and a junior in college Xow she is 
able to tell in a few seconds the compo- 
sition of anything she submits to the 
intense heat of its carbon lamp a 
sain])le of steel, a particle of food, a 
drop of blood, oi anything else She 
knows almost at once what it is 

Dr Warga became a general m the 
army of production by way of astron- 
omy The spectroscope was invented to 
read the composition of the stars and 
Dr. Warga started with astrono- 
physics and now goes back to labor 
and industry 

An example of Mary Warga’s le- 
sourcefulness is shown in the way she 
got her.self a )ob She learned that the 
Mellon Instiute, affiliate of the Uni- 
versity of Pittsburgh was planning a 


study of air pollution She applied for 
the post of investigator, and was ac- 
cepted With her spectroscope she made 
studies that lasted five years, and which 
showed that Pittsburgh lost approxi- 
mately one third of its sunlight 
through dust in the air 

The job came to an end and again 
she was out of work But at Mellon 
slie came across a large spectroscope 
lying unused since its purchase in 
1M12 She was told that if she could 
rebuild it she could have a job using 
it. For six months she studied how to 
rebuild it She read books and con- 
sulted scientists She put it in working 
order and became spectroscopist for 
the Institute, a job she held for three 
more years. 

Today, Dr. Warga has two spectro- 
scopic laboratories under her direction. 
Besides the one in the University of 
Pittsburgli’s Department of Physics, 
she has charge of one in Industrial 
Hygiene in its School of Medicine. 
Here studies on certain toxic occupa- 
tional diseases are being made 
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HOW NAVAL BATTLES ARE FOUGHT 

The Strategy and Tactics at the War at Sea 


I F THERE is such a thing as clarify- 
ing today’s naval strategy, the 
answer perhaps is : To be ready for 
anything with everything. 

Xo sooner do we have one type of 
sea engagement in which the opposing 
surface ctaft remain hundreds of miles 
apart, fighting it out with their air- 
craft alone, than we have other sea en- 
gcigerncnts wherein the surface craft 
slug it out with each other, gun foi 
gun, almost the same as in the Spanish 
W^ar 

Nor should any of us at this time 
formulate any hard and fast rules as 
to how the various types of war ma 
chinery — air, undersea, and surface — 
work together under battle conditions 
For no two sea engagements thus f«ir 
in this war have been the same 
'riiosc who, in past years, have held 
out foi the might of battleships above 
all else have been right Those wIkj 
have held out for the might of dive- 
bombers above all else have been right 
Those who have held out for the might 
of caiiiers, moic and more carriers, 
also have been right I'he list could 
continue 

In brief, everybody has been right 
And to prove his theory anyone has 
but to point for his example to some 
specific sea engagement. After picking 
the right one out of the multitude, he 
can say. “See, I told you, I’ve always 
told you. . . 

The obvious catch m such logic, 
however, is the ruthless fact that to- 
morrow’s sea battle may approximate 
something never even dreamed of . 
or, even if it has been conceived of 
as a tactical possibility, the conceiv- 
ing tactician, unless he were at the 
scene of battle, would bo unable to cope 
with the situation 

In the old days, in the days of the 
theoretical grand battle of fleets, even 
a youngster, playing with toy vessels 
on the kitchen floor, could outline the 


# Six articles, anolyzing the battleships, 
aircraft carriers, cruisers, destroyers, sub- 
marines, and aircraft of the United States 
Navy, have been published in our issues 
of Moy, August, September, October, 
November, December of 1942. The present 
article, prepared with the whole-hearted 
co-operation of the Navy Department, 
traces the strategy of noval battles as 
they are fought today. Here are the answers 
to those who hold for the complete supe- 
riority of the battleship, as well as those 
who place air-power above all else. 
— The Editor. • 

one-time accepted principles of grand 
fleet meeting grand fleet in the knock- 
out and final combat for control of the 
seas 

Those were the days, when, accord- 
ing to principle, the battlefleet was 
organized around its biggest, hardest 
hitting, and most valuable men-of-war 
— the battleships 1 hey would be placed 
m the center of the battle formation so 
that the lighter, more maneuverable 
vessels on the outer fringe might pro- 
tect them from torpedoes which the 
battleships, supposedly, would be too 
heavy and too slow to avoid 

A HEAD of the battleships, according 
to the same established principle, 
would be the attack force, consisting 
of heavy cruisers with destroyer es- 
corts The destroyers protected the 
cruisers from torpedo attack, and the 
cruisers, in turn, were to block any 
enemy vessels which crashed through 
the outer lines. 

Behind the main body of the fleet 
would be a similar force of cruisers 
and destroyers. They would serve as a 
rear guard to prevent the enemy from 
crashing in from behind. 

Then, if possible, there would be even 
a third force of heavy cruisers, or even 
battleships, together with destroyers, 
riiis group, as the youngster playing 
on the floor would know, was called a 
support force Its duty was to rein- 
force any part of the battlcline threat- 
ened by attack 


Nor is this the whole pictun* of an 
ideal fleet about to meet a supposedly 
ideal enemy . Outside all these forces 
wTmld be a screen of light ciuisers and 
destroyers to protect the battlcline as 
a whole This was called the inner 
screen, for still farther out. perhaps 
40 or 60 miles from the main body 
of the fleet, steamed still another 
screen — the outer screen of destroyers 
and fleet submarines llieir mission, 
so snuggly planned, was to scout for 
the enemy fleet and intercept any at- 
tacking force of the enemy Or, again, 
their greatest service could have been 
to meet in daylight an> enemy groups 
close enough to the main fleet to have 
steamed m and attacked dm mg the 
hours of darkness. 

Wes, the youngster, given his toy 
■ vessels, could have arranged it all 
quite nicely there on the floor Or if 
the boy were playing in a day when 
there were such things as toy aircraft 
carriers to go with his toy fleet, he 
would have employed the carriers in 
two possible ways. They might have 
been placed with the battleships in the 
center of the fleet, the safest possible 
position. Or they might take up a po- 
sition alone, protected only by a de- 
stroyer escort, perhaps a hundred 
miles from the main body of the fleet. 

In either case, the theater of opera- 
tions for the planes themselves would 
be over the two opposing battlefleets, 
the dive bombers and torpedo bombers 
pressing home an attack on the enemy 
vessels, and the fighters protecting 
the youngster’s own vessels from a sim- 
ilar enemy attack. 

The planes would sink or damage 
the enemy ships, if possible, and would 
try to break up the formations of the 
surface vessels and force them to zig- 
zag and slow down. This would en- 
able the rest of the boy’s forces to close 
in so that the outer ring of destroyers 
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could dash in with a sudden torpedo 
attack and retreat under cover of a 
smoke screen 

Soon, then, the two majestic rival 
fleets would close in sufficiently for 
the ciuiser forces to press home at- 
tacks, and for the huge battleships 
to overwhelm the enemy wuth a rain 
of destruction — thereby ending the 
war. 

This, then — on kitchen floor or on 
paper — was the clashing of fleets as 
envisioned before actual war came 
along, in such a distributed w'ay, to 
prove that there was no such thing 
as one big grand fleet anymore At 
least, not yet 

Till-: NFXRFST, or at least the earliest, 
■ resemblance to such a paper perfect 
engagement in the present war was, 
perhaps, the meeting between Britain’s 
Mediterranean I'leet under Admiral 
Sir Andrew’ Cunningham and a large 
force of the Italian fleet d'his engage- 
ment occurred Match 28, 1941. and 
was not entirely surface Recon- 
naisancc aircraft were the first to re- 
port that the Italian fleet, after being 
in hiding so long, was showing signs 
of activity It is now believed that the 
purpose of the Itali<in fleet was to keep 
Admiral C unninghanrs foices liusy 
while Axis convoys weie rushed to 
Konimel in Egypt 

E>ut the Isnglish had no w'av of know' 
ing the Italian’s plan and weie de 
lighted to receive the reconnaisance 
leport that the enemy finally had \cn- 
tured int(j the open To meet the 
Italian fleet the British sailed out of 
Alexandria on the 27th The British 
force consisted of three sister battle 
ships, Warspitc, Harham, and Valiant, 
the aircralt cairier Formidable, and a 
full complement of cruiser and de- 
stroyer forces 

The battleships steamed along in 
single file, exactly according to Hoyle, 
so to speak, and with the For midable 
just astern the flagship IV arspilc The 
Cl niseis and smaller ships weie dis- 
posed in approximately the classical 
manner Isarly the following morning, 
reconnaisance planes repotted three 
Italian battleships about 100 miles 
away, heading eastwaid, accompanied 
by several cruisers and destroyer 
forces — also aligned in the classical 
manner. 

Soon one of the outlying British 
cruiser squadrons exchanged a few^ 
shots with an outlying Italian cruiser 
formation, and attempted to lure it 
southw'ard into the path of the British 
battleships. But the Italians shied 
away. 

Nevertheless, the battle gradually 
took shape along the best of accepted 


theories The two battle lines con- 
tinued to draw closer until the Italian 
battleship Vittorio Vcncto opened fire 
at extieme range upon British light 
foiccs In retaliation, the Formidable 
launched two squadrons of torpedo 
bombers wdneh succeeded in getting 
sevcial hits, cutting the Veneto’s sjieed 
i)y tw'o thirds <ind setting her afire 
One plane also hit the ( miser Pola, 
damaging her steering device The 
Italians likewise attackeel with torpedo 
planes, but w'cre beaten off At dusk, 
the British battleships tuinetl to finish 
off the Pola. but betoie they reached 
her, an Italian cruiser sijuadron. ap- 
parently unaware of their proximity 
in the darkness, and apparently un- 
aware of the rules as well, cut acioss 
their path The IVarspite opened iq) 
at point blank range wuth her 15-inch 
guns <in<l seven tons of shells crashed 
into the Fiitmr, la.st cruiser of the 
Italian line She w^ent up in flames be- 
fore she could fire a single shot 

Tw'o destroyers escorting tlie 
cruisers immediately dashed toward 
the line of British capital ships and 
launched torpedoes, but they missed 
and the Italian destroyers were sunk 
Then two more Italian cruisers re- 
ceived the same tieatment from the 
Valiant and the Barham that the Fiinne 
had received from the IVarspite 

Therewuth the battle of Cape Mata^ 
pan — almost a perfect example of a 
fleet engagement exactly as the 
theorists would have it fought — was 
over and won Most of the larger 
Italian men-of-war were either sunk 
or badly damaged. 


So, with this early example, the 
theorists ceitainly had an excuse to 
presume that the same old manner of 
w’lnning sea engagements w^ould con- 
tinue to be the same old manner of 
winnini> sea engagements Maybe they 
aie right, and nuiybe the battleships, as 
usual, should be counted on tor the kill. 

IF one docs care to figure that 
■ way too strongly, especially in this 
war of strange upsets, it would be 
better for bun to forget or at least not 
to mention, the battleship Prince of 
I Vales and the battle cruiser Repulse 
\o enemy surface craft, it appears, 
shaied in this battle at all, the two 
great vessels going down off Malaya 
under the hammei ing of land-based 
planes alone. 

It was a lesson, to be sure But a 
lesson w'hich. since then, has worked 
both ways; the aftermath occurring 
not far from Guadalcanal There the 
Japs tried it again, this time on an 
American battleship under command 
of ( apt 'riiomas L. Gatch d'he Japs, 
remembering the Prince of Wales and 
the Repulse, ».onfidently launched upon 
this ,\merican battleship what is de- 
scribed as “the heaviest air assault 
ever made on a dreadnought ” The first 
attack (on October 26) w^as made by 
20 enemy dive bombers. All were shot 
down Half an hour later, 40 enemy 
torpedo planes and dive bombers re- 
turned to the attack, approaching at 
the rate of about one every minute 
All but one torpedo plane either fell or 
tinned back 

\n hour latei 24 nioie Jap torpedo 
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planes and dive bombers roared at the 
battleship in a third try One of the 
dive bombers did get through, slightly 
damaging a turret and inflicting Cap- 
tain Gatch with a neck wound from a 
bomb splinter But the score in all was 
32 Jap planes downed by automatic 
anti-aircraft guns and a secondary bat- 
tery of larger guns Fighters from an 
American carrier also answered the 
challenge. 

Anyway, despite their success with 
the Prince of Wales and the Repulse, 
the Japs today certainly cannot he too 
sure of anything, either Because planes 
have taken such an important part in 
nearly all sea engagements, landings, 
and the like, the difficulty today, for a 
fact, is trying to remember some im- 
portant sea engagement in which 
planes did not share importantly, at 
least in the destruction The celebrated 
fight with. the Graf Spec, so early in the 
war, might he the best example of one 
such engagement 

The Graf Spec was at sea when (ier- 
■ many invaded Poland, and immedi- 
ately began harrying British merchant 
shipping off the coast of .South 
America One of her victims suc- 
ceeded. on December 2, in sending dis- 
tress signals before she was silenced, 
and these were relayed to Commodore 
H H Harwood, in command of the 
South .American Division of the 
America and West Indies .Station of 
the Royal Xavy 

Commodoie Harwood was faced 
with an extraorclinarv problem He had 
only three vessels at his disposal the 
8400-ton Exeter, mounting eight-inch 
guns, and the Ajax and Achilles, both 
7000-tonners and both wuth only six- 
inch guns Opposing him was a much 
larger, more powerful ship, mounting 
two turrets of 11-inch guns 

Xot only did the Graf Spec have 
greater range, so that she could fire on 
the British ships before they could close 
in to their owm range, hut she could 
hurl 4700 pounds of metal and ex- 
plosive in a single broadside, as against 
a total of only 3136 pounds for the 
three cruisers combined In addition, 
the greater armor of the (ierrnan ship 
w ould enable her to stand more punish 
ment that the smaller vessels 

Contributing to Harwood's problem, 
too, was the fact that his vessels were 
scattered over several thousand miles 
of ocean when he received the distress 
signal. He had to choose some rendez- 
vous point, but the cjuestion was- 
Where? He knew that the Graf Spee 
would not linger long at the sjiot of 
her most recent sinking, for the 
raider’s mission was to sink moie mer- 
chant ships 'I'he last thing the Graf 
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Spec desired was to brush with enemy 
warships Reasoning that the German 
ship might make a run for the River 
Plate, where there was always a great 
concentration of shipping, Harwood 
decided on a point 150 miles east of 
the Plate’s mouth for the rendezvous, 
and set 7AM., December 12th as the 
time. 

The three cruisers met on schedule 
and began cruising at 14 knots, their 
captains directed to act “without fur- 
ther orders so as to maintain decisive 
gun range.” On the morning of the 
13th the Graf Spec was sighted to the 
starboard and slightly astern of the 
squadron 

T HE Exeter made a sharp turn at once 
* so as to cut across the battleship’s 
how' and be on her starboard side The 
other two ships made a similar turn 
shortly afterward to take position on 
her port side, thus forcing the German 
commander, C'aptain Langsdorff. to 
split the fire from his two turrets of 11- 
inchers This the (ierman commander 
did as he opened fire The Exeter re- 
plied with eight-inch guns as soon as 
sh'* was within range, and the other 
two opened up with their six-inchers 
a few minutes later 

The (German captain, however, was 
more w'orried about the Exeter s largei 
|L»uns, and swung both turrets of 11- 
inchers to bear on her. Immediately 
he landed a series of destructive hits 
But, at the same time, the Ajax and 
Ac Julies wTre allowed to close their 
lange, opposed only by ragged and in- 
accurate fire from the Gei man’s 5 9- 
inch batteries 

lAvo hroa<lsides from the six-inch 
guns of the cruisers found their mark, 
putting the Graf Spec's fire control 
apparatus out ot commission and kill- 
ing most of the officers in the file con- 
trol tow'cr Still the two British cruisers 
clo.sed in, to within about a mile 

The Graf Spec was demoralized 
The battleship began to lay down a 
smoke screen, made a 150-dcgrce turn, 
and began to run. 

rile l»ritish were ready Working at 
a killing pace, their engine-room crews 
had built their speed from 14 up to 28 
knots while the battle was raging I'hey 
started pursuit, launching the observa- 
tion plane from the A /ax to .spot their 
fire , this is about the only mention 
ever made of a plane in the battle. 

The E^xeter received two more direct 
hits By now tw’o of her three turrets 
were out of action, her compasses were 
smashed, she was on fire, and had a 
seven degree list But she steamed 
ahead at full speed, and continued to 
keep the Graf Spee under fire. 

The German ship laid a series 


of smoke screens and changed her 
course in a frantic effort to escape 
Under cover of a smoke screen, she 
desperately turned on the Exeter to 
try to finish her off, but the accurate 
fire from the other two cruisers, closing 
in. again forced the battleship to split 
her fire 

The two lighter British ships were 
hit but continued fighting, the Exe- 
ter, her last gun put out of action 
by flooding, was forced to turn away 
Finally, the cruisers' ammunition was 
running so low that it might be ex- 
hausted if the fight continued until 
dark So Harw'ood chose to break off 
the battle and simply follow the Graf 
Spec until he might sneak up on her 
under cover of darkness and perhaps 
finish her off with torpedoes 

The pocket battleship succeeded in 
making the River Plate where, as the 
world knows, she was trapped by other 
British warships hurried to the spot 
And there she was finally scuttled 

Although the sea fight itself, if 
judged by the whole war. may not have 
been of decisive importance, neverthe- 
less the fight does remain a superb il- 
lustration of British tactics^ -to close 
with the enemy, regardless of odds, 
to use bulldog tactics up close and slug 
it out. 

But. at the same time one rather 
woiulcTs wdiat would have happened if 
planes — bombei oi torpedo — had been 
as furiously involved in this engage- 
ment as they have been m later ones 
For planes do seem to disrupt, by a 
single lucky hit, the best laid t.ictical 
pkins of man or war college 

The Battle of Java sea (starting Feh- 
■ ruary 26, 1942) may be used as 
another example of closing in on the 
enemy in the classical manner, and 
also as another example of carrying 
the attack to the enemy, against great 
odfls The attack was made by a com- 
bined force of Dutch. British, and 
American ships. 

On the date mentioned. Admiral 
Doorman, of the Dutch, received re- 
port of a Japanese convoy of 40 trans- 
ports, protected by divisions of light 
and heavy cruisers and destroyers 
Doorman was oidered to “proceed, 
search for, and attack the enemy ” 

Although all the men of his little 
fleet had been at their action stations 
for 37 houis without rest and were 
completely exhausted. Doorman pro- 
ceeded as ordered, shaping his battle 
line as he went. 

Heading the line were the two 
British destroyers, Jupiter and Electro 
Next came the Dutch heavy cruiser De 
Ruyter, followed by our old friend the 
Exeter, the American heavy cruiser 
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Destroyers execute a right turn while in operation with battleships 


Houston, the Australian light cruiser 
Perth, and the Dutch light cruiser 
Java. Following the cruisers came a 
line of four United States destroyers 
in single file On the port side of this 
battleline was a line of four other de- 
stroyers. 

As the allied force pulled up parallel 
with the Japanese battlelinc, it was 
seen that the latter was composed of 
two heavy cruisers, followed by six 
light cruisers Beyond them were two 
lines of four Japanese destroyers each 

Fven if the allied force had been 
fresh and undamaged, it would have 
been outweighed two to one and heavily 
outclassed in fire power But to make 
matters worse, the after turrets of both 
the Houston and the Hxeter vs ere out 
of commission 

The Japanese heavies opened fire at 
25,000 yards, a range at which only 8- 
inch guns would bear 1'he Houston 
and the Exeter returned the fire with 
their own 8-inchers, setting both the 
Japanese heavies afite 'riien Doorman 
closed in to under 20,000 yards, main- 
taining the same foimation, and the 
firing began between the cruisers all 
the w'ay down the line 

P»oth sides were hit hard, and the two 
Japanese heavy cruisers were burning 
badly At this moment, the Jap ciuisers 
laid down a smoke screen, through 
which their destroyers wheeled to 
launch a torpedo attack IkTore they 
could begin, the two burning Japanese 
heavy cruisers dropped out of line, and 
four of the destioyers turned to screen 
them riie other four continued for the 
Allied line of battle 

The British destroyers Jupiter and 
Etcctra, at the head of that line, 
turned sharply and dashed into the 
smoke screen to intercept the attacking 
Japanese ships They were never seen 
again The Perth and the Java then had 
to shift their fire from the cruisei s to 
the attacking destuiyers, enabling the 
Japanese cruisers to fiie more easily 
The Exeter got a bad hit in the fire 
room, slowdng her down, so she turned 
to port to escape the torpedo attack 
The Perth turned to lay smoke to pro- 
tect her, leaving the He Ruyter and the 
remaining cruisers so hopelessly out- 
gunned that they had to turn, too 

h'our of the allied cruisers rushed to 
screen the wounded Exeter, and the 
four American destroyers covered the 
general retreat, torpedoing and sinking 
two of the attacking Jap destroyers 

d'his was the end of the action d'he 
Japanese had taken too much punish- 
ment themselves to pursue the scatter- 
ing allied ships. 

Despite the tangled outcome of the 
Battle of Java .Sea, students of the 
classical manner of doing things may 


find in studying this battle a demonstra- 
tion of the tactical co-operation of the 
various kinds of warships Much of it 
was performed exactly according “to 
the book” the Japanese heavy cruisers 
opening fire at the range wheic their 
largest guns could be used to (he great- 
est advantage; the Allies closing in 
until they could use all their guns; the 
concentration of allied fire on the heav- 
iest Jap units until thev are ])U\ out of 
action, the jap cruiser laying a smokt‘ 
screen through which the destroyers 
might dash to attack the larger allied 
units m retaliation , and finally, the 
use of the destroyers both to screen 
larger ships and to try to head off the 
Japanese destroyer .ittack 

At tuf time of this w'riting the 
more important sea engagements 
in the Solomons can be grouped into 
five distinct battles, each bearing a 
name The first of these, already titled 
the Battle of vSavo Island, occurred the 
night of August 8 and marked the 
fiist real ofTensive of the United States 
in the war 

This article being confined to sea- 
fighting. the concern hete is not with 
the exploits .ishoie, after the marines 
had been landed fiom tiansports, but 
w ith the action at sea preparatory to 
and dm mg these bindings. The engage- 
ment also was the first between surface 
torcc'. in the Solomons 

\ strong enemy force, seeking to 
attack our transports and supply shijis, 
was opposed by a scieen of oui 
cruisers and destrovers disposed south- 
east of Savo Aftei a brief but fierce 
engagement, the Japs changed course 
«ind attacked a second screening toice 
northeast of the island .V close-range 
action ensued. We lost the Canberra, 
Oniney, Astoria, ami rinccnncs 1 he 
enemy losses remain unknown, but the 
enemv did fail m its objective because 


our transports were saved, and our 
Marines were landed 

The great part that airciaft played 
in this battle, and in the subsequent 
Solomon Island battles, too, would 
require a chapter of its own 

'I'he second main sea engagement in 
the Solomons, now labelled the Battle 
of the Fastern Solomons, occurred 
August 23-25 This was when the 
enemy attempted to recapture shore 
positions Several gioups of enemy 
ships, including transports, approached 
from the north and northeast They 
were attacked first by our aircraft, and 
later by our surface forces 'bhe series 
of running engagements resulted in the 
withdiawal of the Japs Their losses 
included damage to one battleship, two 
carriers, several crui-eis, a destroyer, 
a transport, and four other vessels. 

1 he part that aircraft again played 
m this battle is best demonstrated by 
the fact that on the afternoon of August 
23 (Washington time), Ouadalcanal 
was attacked hv enemy planes, and 
21 were shot down against our loss of 
only three Much tiie same type of 
attack occui red tw’o days later when 
the enemy attacked (iuadalcanal with 
16 two-motored bombei s and 12 /eios 
.Seven of these homhers w^ere shot 
down, and also five Zeios against our 
own loss of one fighter 

Qo, IN a report of these sea-engage- 
ments or surface (Migagements. one 
does find difiliculty at times in dis- 
tinguishing the out and-ont air action 
from the surface action B>oth types of 
action obviously go together , the 
Navy’s job being not only to be ready 
for fleet-against-fleet battles, as pre- 
viously described, but also the convoy- 
ing of troops and supplies, harrassing 
enemy commerce, protecting our coasts 
fiom enemy raiders both on the sea 
( Please turn to page 137) 
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— SCIENCE IN INDUSTRY 

Industrial Air Control 

Compact Survey of Air Conditioning Shows Its 
Importance on the War Production Front 


MARGARET INGELS, M.E. 

Engineering Editor, 

Corrier Corperotion 

M any of the mechanisms of mod- 
ern warfare have become so 
complex and precise that control of 
the air is as vitally important in many 
war industries as it is on the fipfhtinj^ 
front On the battle line, the outcome 
of many an action hinges on control 
of the air as planes engage planes with 
machine gun bullets and shell 
fire and rain bombs on key ob- 
jectives; on the home front — 
the production front — control 
of the air, while less dramatic. 

IS equally significant Here the 
job is one of controlling the 
air in laboratories, assembly 
rooms, tool shops, and preci- 
sion instrument plants where 
the equipment for our fight- 
ing men is being made 
Control of the air, actually 
lUst another phrase fur air 
conditioning, is a complicated 
business of far greater im- 
portance than the familiar 
comfort cooling It includes 
control of the temperature, 
humidity, cleanliness, and 
movement of the air. Were it 
not for the precise art of air 
cotiditioning, pioneered a few 
short decades ago by Dr. 

Willis H. Carrier, American 
weapons would not have at- 
tained their high degree of 
eflfectiveness, nor could they 
be produced in the astounding numbers 
that, today, are accepted as run-of-the- 
mill operation. 

Suppose that an airplane instrument 
should fail at a crucial moment because 
perspiration on a worker’s hand on \he 
liome front had caused corrosion, that 
a torpedo failed to function properly 
because of excessive moisture in the 
air during manufacture, that a stick 
of bombs went wide of its objective as 
the result of a drop of moisture or a 
particle of dust in some American war 
plant thousands of miles away: These 
are just a few of the possibilities that 
might occur if American industry did 


not have available this accurately con- 
trolled tool of air conditioning. So 
widespread has become the use of air 
conditioning in certain vital war in- 
dustries, in fact, that it is difficult to 
imagine the effect of eliminating this 
important aid to production. 

Such a thought opens interesting but 
disaster-laden possibilities. If there 
were no such art as air conditioning, 
many plants could operate only part 
time . extremely accurate work to close 
tolerances would become far slower and 


more difficult ; many modern pi ocesses 
could not be carried on at all. 

Without control of industrial air. 
there would be only about five days in 
an average year when the unaided 
weather would be suitable for the 
manufacture of rayon. And this spe- 
cialized conditioning of the air needed 
for making rayon fabrics is equally 
necessary in the manufacture of nylon 
used in parachutes, powder bags, and 
for countless other requirements of 
modern warfare. 

Only an almost impossible Weather 
Bureau forecast of ‘Temperature Un- 
changed’’ would point to suitable air 


conditions for technicians making pre- 
cision gages, since these instruments 
are accurate only when manufactured 
and calibrated at constant temperature, 
A sharp rise or fall of the thermome- 
ter, if not offset by man-made weather, 
would serve to negate the most accu- 
rate work of skilled craftsmen. An 
extended period of “Cool and Dry” 
weather would facilitate the production 
of precision instruments where work 
to close tolerances is required, but 
obviously the demands of war produc- 
tion cannot wait on the vagaries of the 
elements. 

Today, therefore, more than 200 
different industries utilize as a produc- 
tion tool one or more of the factors 
which go to make up modern air con- 
ditioning. And such control of the air, 
as has been briefly shown, is playing a 
vital role in the nation’s war produc- 
tion. 

School boys and girls learn in physics 
classes that objects take on the temper- 
ature of the air surrounding 
them But the significance of 
this to war production is not 
always lecognized Some ob- 
jects come to temperature 
equilibrium very quickly, with 
little physical change, while 
others, especially those made 
of metals, take a long time to 
reach room temperature and 
will measurably expand or 
contract in doing so For this 
reason it is necessary to hold 
room temperature constant 
when close measurements are 
to be made and where work 
to extremely close tolerances 
js to he undertaken Rooms 
used for gage calibration and 
measurement of precision in- 
struments are air conditioned 
to assure constant tempera- 
ture d'hus, a precision mach- 
ine part made in a Texas fac- 
tory may be fitted accurately 
with a companion piece made 
in Massachusetts If the tem- 
perature of the parts is not the 
same when measured, they will not fit 
together in the final assembly; differ- 
ences in temperatures produce the same 
effect as taking the measurements in- 
accurately. 

A familiar example of the effect of 
one of man’s concessions to the effects 
of temperature changes is the “clankity 
clank” of railroad car wheels as they 
pass over the space between rails, left 
to allow for expansion and contraction 
of the rails as the temperature changes. 
But no such simple solution may be 
used where work of great precision is 
required — as in the case of bombsights, 
range finders, and other close-tolerance 
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instruments of war. Instead of fractions 
of an inch, ineasurenients for such 
precision instruments are made in 
“light rings,” which means that accu- 
racy is sometimes held within toler- 
ances of 6/1,000,000 of an inch. Such 
close measurements can be maintained 
only in conditioned air where tempera- 
tures aie held at specified levels at all 
times 

'remperature control is al.so required 
for testing radios to be used in military 
airplanes to be sure that they will meet 
the rigors of field service. In some of 
the tests, however, it is not a question 
of holding temperature constant but, 
rather, of changing it at the rate of 
change that occurs when the plane is 
in use The reason for this is not hard 
to discover The radio in a plane leav- 
ing the ground in the tropics may be 
at a temperature of 120 degrees. As 
the plane climbs, the temperature drops, 
often dipping as low as 60 degrees 
Mow zero. Vet, throughout wide and 
rapidly changing temperature ranges, 
the radio must function perfectly To 
build radios that will icact to fast and 
extreme weather changes, laboiatories 
use air conditioning to simulate condi- 
tions ranging from tropic heat to sub- 
zero temperatures of high altitudes, 
changing from one to the other at a 
rate approximating actual flying con 
ditions 

lusT as constant temperatures are 

called for in precision work and 
controlled fluctuation of temperatures 
serve in testing radio and various 
equipment, so other war production 
processes find essential one of the sev- 
eral machines developed for air condi 
tioning at Carrier’s huge plant -low 
temperature refrigeration. I’or exam- 
ple, the manufacture of one type of 
synthetic rubber requires a tempera- 
ture of minus 98 degrees, Fahrenheit, 
during processing Liquification of 
chlorine also calls for temperatures well 
below zero. And a low and constant 
temperature in blood banks makes it 
possible to hold large quantities of 
blood plasma or whole blo<3d in rea<li 
ness at all times, the coolness making 
possible the preservation of the origi- 
nal quality. 

Coating photographic films, manu 
facturing certain plastics, processing 
rubber, chemicals, and pharmaceuticals 
— these are some war jobs that utilize 
low temperature air conditioning. But 
not all conditioned air is cold air. If 
someone were to tell you that “hot air” 
would help win the war, an argument 
involving much 6f that very commodi- 
ty might eilsue. But the statement is 
true, nonetheless. Warm, dry ai,r facili- 
tates powder drying in ordnance plants, 


makes possilde scientific food dehydra- 
tion, and .serves as would nothing else 
in numerous other processes including 
smoking of meat, leather drying, and 
flour milling 

Moisture in the air, another phase 
of air control, can be both friend and 
foe of war production. The finely 
machined parts of precision instru- 
ments, for example, are highly suscep- 
tible to both corrosion and rust. A 
fingerprint from the moist hands of a 
worker may mar the finished surface 
or cause corrosion after the instrument 
is completed. An over-abundance of 
moisture in the air condensing on a 
metal part may be the cause of rust 
which will soon destroy the accuracy 
of fine mechanisms completely. Air 
coiulitioning guards again.st such dan- 
gers by dehurnidifying the air in work 
shops, assembly rooms, and stoiaj’c 
spaces. 

In some processes, damp air means 
slowed up production and even possible 
shut down. Many plastics are processed 
in air that is dehumidified l)ecause 
moist air makes (be sheets “tacky” and 
difficult to handle Concentrated foods, 
such as bouillon cubes, aie prepared 
III dehumidified air because high hu- 
midities slow up production and affect 
(juality Many drugs are manufactured 
in dried air because an excess of 
moisture would ruin the value of the 
medicines, compounding these same 
drugs is a hit-and-miss proposition if 
they are allowed to absorb varying and 
unknown amounts of moisture, making 
basic weights of the ingredients ques- 
tionable. 

On the reverse of this last situation 
are to be found some industries in 
which lack of moisture in the air 
makes efficient production impossible. 


In dry air indoors during cold winter 
weather, “static” causes a shock when 
a person touches a metal doorknob or 
wall switch. Under similar conditions, 
static collects on fibers in textile mills 
or on paper in printing plants. The re- 
sult may not be an electrical shock that 
can be felt, but production schedules 
frequently cannot be maintained when 
static is present : Threads become fuzzy 
and break often ; fabrics cannot be 
vsoven evenly; papers stick and do not 
feed uniformly into the presses Jn 
plants where static causes trouble the 
air IS humidified — moisture is added — 
when the want of moisture in the air 
makes a difference in production. 

Textile mills were among the first 
■ to adopt the tool of air conditioning. 
Control of indoor weather made possi- 
ble the high-speed manufacture and 
tremendous growth of rayon. Nylon 
requires a low temperature during 
processing. Fortunately, long use of 
controlled temperatures and relative 
humidity in textile mills has made pos- 
sible the rapid development of synthetic 
fabrics that are now being used for 
parachutes, powder bags, and clothing 
for our Armed Forces. 

In the printing of maps and charts, 
often in many colors, conditioned air 
contributes largely to an accuracy 
which would be impossible if this in- 
dustrial tool were not used in press and 
paper storage rooms. This is because 
variations in temperature and humidity 
may cause paper to expand or contract 
between the times when the different 
inks are applied. 

Some industrial operations must be 
done in dqst-free air, since a particle 
of dust may ruin the product. Clean air 
is required in the assembly of precision 
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Woll ond floor duct inttoflation in o precision fool plont 


has recently been solved hv the use 
of Gunk r-96, a concentrated and self 
emulsifying degreasing solvent de- 
veloped by the Curran Corporation 
This product can dissolve, emulsify, 
and remove heavy concentrations of 
fuel oil in the presence of salt water. 

It is claimed that the action of Gunk 
P-96 is so thorough that all traces of 
oil are made water soluble and need 
only be sluiced with a water hose to 
rinse and decontaminate large areas 
such as the hold of a ship. 

It is also stated that degreased sur- 
faces so provided are particularly suit- 
able for the application of red lead 

• • • 

SURFACES — Points hove been formuloted 
which con be opplied under oil conditions 
under which o mon con work — some point 
con be opplied ot temperotures os low os xero 
degrees, Fohrenheit, on frosty or icy surfoces, 
ond con olso be opplied when the tempero- 
ture is os high os 130 degrees, Fohrenheit. 


instruments ; a dust particle in the 
works could seriously impair the ac- 
curacy of the gage, bombsight, or range 
finder. Just as watches cease to be 
good time keepers if not clean, so do 
other precision instruments lack accu- 
racy under the same conditions. Opti- 
cal lenses, built up of .several elements 
of carefully ground glass, are virtually 
valueless if dirt is permitted to fall on 
the inner surfaces during assembly 

Besides being used as a production 
tool, air conditioning serves in many 
vital places outside of the factory. 
“Cold banks,” that provide locker or 
food storage in rural communities, pre- 
.serve the food in low temperature air 
conditioning. Men in the services arc 
equipped and fed with the aid of con- 
ditioned air For example, fur coats 
for fliers are kept in the best state of 
preservation in low-temperature air 
conditioned vaults , food refrigeration 
on ships and in camps maintains meat 
and other foodstuff at top quality 
Mobile photographic laboratories of 
the Army are equipped with air condi- 
tioning to assure accurate and speedy 
photographic work in the field. Para- 
chutes are made to last longer by being 
stored, whenever possible, in condi- 
tioned air to prevent mildew or other 
deteriorating effects which might occur 
in storage when the air is not con- 
trolled. 

So universal is the use of air condi- 
tioning as a production tool, and so 
great are its uses in preserving manu- 
factured goods, tliat it is difficult to 
imagine industrial America without 
air conditioning. In many respects war 
production as we now know it would 
not be possible were it not for air 
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conditioning; it is a vital tool in help- 
ing industry to produce the materials of 
war needed to preserve the American 
way of life. It is not, as some people 
still believe, a mere means to comfort. 

0 0 0 

PAPER 

For Many Wragiiing Porgosos, 

Is Strotehoblo 

Development of a new application 
for creped paper has l)een made by the 
Arkell Safety Bag Company This new 
paper, designed to take the place of 
scarce textiles in wrapping and baling 
materials for shipment, can be .stretched 
in all directions, providing a charac- 
teristic which is claimed to protect the 
paper against tearing in ordinary wrap- 
ping services. This new paper is avail- 
able in various grades Jind weights and 
in roll or sheet form 

SHIP CLEANER 
Can Romovi Oil in 
Prttoneo of Salt Wator 

N^ercuant ships, battleships, tankers 
— any ships which have been damaged 
in battle, in fact — ^arc usually badly 
contaminated with heavy, black, tarry 
bunker oil when received in repair 
yards. This tar-like oil penetrates into 
machinery and instruments and pre- 
sents a serious removal problem, which 
is complicated by the fact that the oil 
is also associated with salt water, 
which breaks down ordinary cleaners. 

This unusual and pressing problem 


# • o 

BENERATOR ‘‘WATCHMAN** 

Dotoots and Rooordt Vibrations 
In Rotating Shafts 

An automatic electrical “watch- 
man” the size of a large box camera 
has been developed by a IMttsburgh 
research engineer to jot down a warn- 
ing in red ink when it detect.s vibra- 
tions that might eventually cripple a 
power-producing machine Harry G 
Werner, ‘^machine-quake” expert at 
the Westinghouse Research Labora- 
tories, devised the instrument — a 
midget-sized generator of electricity — 
to measure in thousandths of an inch 
the slightest tremors in the spinning 
shafts of turbo-generators. By discov- 
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ering quivers in shafts turning at 3600 
revolutions a minute and recording a 
warning, the detector provides a per 
petual diagnosis of giant power-house 
machines 

Like a business chart, the vibration 
1 ecord shows month after month how a 
hard-driven steel shaft is performing 
‘‘1'he line usually stays at a steady 
level, registering normal balance,” Mr 
Werner explains, ^‘but in rare instances 
the line deviates from its steady course 
warning that a vibration has developed 
That deviation tells a power plant 
operator that a minor adjustment is 
needed to eliminate the unbalance, re- 
move the resulting vibration, and pre 
vent a possible breakdown.” 

Mr Werner’s vibration detectoi 
consists of a babbit-tipped rod that 
touches a revolving shaft; a miniature 
generator rated at about one millionth 
of a watt, an amplifier to step up the 
current to two or three watts; and a 
recorder that pens a vibration “curve “ 
Vibration in the shaft bounces the pen 
cil-shaped rod up and down. A coil 
attached to the upper end of the rod 
moves back and forth inside an electro- 
magnet. This action generates a tiny 
amount of electricity that travels to the 
amplifier where it is stepped up enough 
to move a mechanical pen that marks 
down a record of the vibration 

The slightest quiver in a silentl) 
spinning shaft is thus “felt” and re 
corded by the automatic instrument 
Change in intensity of vibration is de 
termined by the deviation from .i 
straight line penned on a paper chart 
moving through the recorder 

• • • 

STRATEGIC-ln 1921 Government oHiciols 

listed 42 strotegic materiols, vitol to war, 
which hod to be imported, either wholly or 
portiolly. Thonks in port to chemistry, metol- 
lurgy, ond their related sciences only 15 ore 
on the list now. 

• • • 

WOOD AROHES 
AdvatfigMMly Uttd 
tnittad of StHi 

T ONS of Steel were saved in the con- 
struction of the recently-built US HA 
Recreation Center at Bremerton. 
Washington, by specifying the use of 
wood-and-glue laminated arches. The 
six arches stretch 71 feet from foot to 
foot and each weighs two tons 

In constructing these arches the 
fabricators used 26,000 board feet of 
dimension lumber, 1590 pounds of 
Laucks casein glue and 10 gallons of 
Rea, a S 3 mthetic resin sealer. ' The 
arches were constructed in Seattle and 
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were transported by logging truck to 
the site. They were built in two sections 
and were joined together in the center. 

Wood-and-glue arches are said to be 
''Uperior to corresponding structural 
members of steel in many ways Lami- 
nated beams such as these aie particu- 
larly adapted to this type of construc- 
tion because they are easy to handle, 
meet all structural requirements, and 
while steel melts and buckles in the ex- 
treme heat of a fire, laminated wood 
will char and provide a much longei 
fire-resistance period 

• • o 

HIGH-OCTANE — The United Stotes it the 
world's lorgest producer of high-octone 
super-oviotion gosoline. Present-doy produc- 
tion figures ore secret, but o yeor ago the 
output here hod been set ot the rote of 
55 million borrels o yeor. 

e e e 

QAQE BLOCKS 
Reelaimtd by Controiled 
Plating Prooast 

CONTROM.Ain.E chrome-plating pro- 
cess has been developed for reclaim- 
ing precision gage blocks worn to be- 
low required accuracies. The method 
by which the old blocks arc built up 
is stated to give them five times the 
life as when they were new 

The three-step reclaiming process is, 
briefly, as follows: Fir.st. the blocks 
are lapped 0.0002 inch undersize 
Then an even coaling of chrome plate 
0 00015 inch to 0.0002 inch thick is 
applied to each of two working sur- 
faces, making the blocks from 0.0001 
to 0.0002 inch oversize. In the third 
step, the blocks are lapped to size 
riiey arc checked for size and 
parallelism on a Pratt and Whitney- 
General Electric elcctrolimit gage, and 
for flatness on an optical flat. 

Maximum tolerance over or under 
the required size is 0.000005 of an 
inch (five millionths of an inch). The 
average error is no more than one 
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thousandth the thickness of a human 
hair. Phe blocks arc checked periodi- 
cally with a master set to make sure 
ibey are up to standard 

DIAMOND OUST 
Now Boing Nocovorod 
in Half Formar Tima 

P iJi.vERiZED diamonds are used to per- 
form one of war industry’s “hardest” 
jobs, that of polishing tungsten carbide 



A tmoll aioctric furnoce is port of the 
tquipmenf for diomond-dust recovery 


dies to a degree of smoothness which 
eliminates much friction. Diamond dust 
is the best substance for polishing tung- 
sten carbide, one of the hardest com- 
pounds yet devised by science. Dies 
made of this compound are used in 
drawing large size copper wire. 

Diamond dust may be used over and 
over again, but lecovery is a problem 
During polishing, the dust falls into a 
receptacle with oil, tungsten carbide 
particles, and bits of cloth. The re- 
covery ordinary requires large amounts 
of acids which dcstioy everything but 
the diamond dust, but a greatly simpli- 
fied method, recently devised, requires 
only small amounts of chemicals and 
the process can be completed by techni- 
cians in half the time formerly required 

PLASTIC BEARINGS 
Solf-Lttbrloatod 
Witli Fruit Joioo 

Large rotary fruit- juice extractors, 
capable of turning out 2(X) gallons of 
citrus juice per hour, now depend on 
self-lubricating bearings of Lucite 
methyl methacrylate resin to keep 
going in wartime. Faced with a short- 
age of bronze bearings, one machinery 
manufacturer, after several months of 
exhaustive trials with new materials, 
found that. In addition to outwearing 
other types several times, bearings 
fabricated of '*Lucite” were actually 
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Frop«ll«r-blode shank being rapidly heated by induction 


lubricated by contact with citrus juices 
arid periodic steam baths— two things 
that always shortened the life of bronze 
benrings. Du Pont chemists have been 
advised that the new bearings are 
equally resistant to orange, grapefruit, 
and lemon juices “Lucite” is now on 
high priority — available for only the 
most essential uses 

• • • 

HORSEPOWER — Amertcon firms now en- 

goged in production of oir-coolod ond 
ilquid'Coolod oircroft engines ore turning 
out more horsepower every 15 days than 
wos produced here during the entire period 
of World Wor I. 

• • e 

PROP BLADES 
Prodoctioii Speeded by 
Indaotion Heating 

Heating an airplane propeller-blade 
shank for two important forming 
operations in approximately one- fifth 
the time formerly required, is said to 
have resulted in one of the most time- 
saving jirocedures to be adopted in war- 
jdane production. The shank is heated 
by the focco process of heating by 
electrical induction, a method origi- 
nated by Ohio Crankshaft Company. 

In the new process, the shank of the 
hollow steel propeller blade is first 
heated, preparatory to swaging, in a 
100 kilowatt machine, which raises its 
temperature to approximately 1700 de- 
grees, Fahrenheit, in 150 seconds. 

When the correct temperature is 
reached, the operator hooks the blade 
on an overhead spring balance crane 
and conveys it to a huge National forg- 
ing machine^ capable of producing a 


27-toii pressure, where it is swaged into 
a true cylindrical shape. 

At the completion of the swaging 
operation, the blade passes through 
two welding processes, a thorough in 
spection, and a lathe machining opera- 
tion before it is «Tgain mounted on the 
movable rack and heated a second time 
for 210 seconds to a temperature of 
about 2200 degrees, Fahrenheit. 

When the proper heating is attained, 
the overhead crane again conveys the 
heated piece to the adjacent upsetting 
equipment in a few seconds. The up- 
setting operation consists of forming 
the heated shank in a three-pass set of 
dies to increase the wall thickness of 
the shank from .520 inches to approxi- 
mately 13/16 inch, and to decrease the 
length of the shank area from 12-5/8 
inches to 9-3/16 inches. 

Prior to the adoption of the induction 
lieating principle, the blade shanks 
were heated by means of gas furnaces. 
Fifteen minutes were required for heat- 
ing to the desired temperature, and 
color of the heated work was the only 
way in which the operator could judge 
whether the correct temperature harl 
been reached. 

REVERSE SYNTHESIS 
Nylon it NovortocI to 
Original Ohinlailt 

of the most interesting new 
projects developed in the Du Pont Ny- 
lon Research Laboratory is in connec- 
tion with the nylon salvage program. 
This was undertaken because of the 
urgent need for more nylon for govern- 
ment use. The high-pressure synthesis 
equipment which makes nylon chemi- 
cals from coal, air, and water is already 
taxed to capacity, and to make addi- 


tional equipment would require large 
amounts of strategic metals needed for 
airplanes, ships and ordnance. The 
logical alternative was to salvage ny- 
lon scrap and make new nylon of it 

'Phe dyed nylon material, including 
the stockings which women are now 
turning in at stores and other collec- 
tion depots, is subjected to complicated 
treatments. They are, in effect, chemi- 
cally “unraveled" until the original two 
starting chemicals from which they 
were made — adipic acid and hexa- 
methylcne-diamine — arc obtained. 

First step is to boil the stockings in 
strong hydrolyzing agent. In a labora- 
tory demonstration this is done in a 
glass flask, to which is attached a re- 
flux condenser; on a plant scale it is 
carried out in a lead-lined vessel. By 
the end of the first hour of boiling the 
stockings have completely disappeared 
and the vessel contains only a dark 
brown solution. A precipitate forms on 
cooling. 

Filtering through a glass fabric 
separates the precipitate, which con 
tains the adipic acid, from the filtrate, 
containing the diamine. 

Each of the two components is now 
purified. The adipic acid, which is a 
powder and in the unpurified form may 
be any color depending on the amount 
of impurities present, is rcdissolved 
and recrystallized and is then treated 
with decolorizing agents riie.se step^ 
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yield a very pure final product. I'he 
diamine solution is neutralized by ad- 
dition of lime, which produces a pre- 
cipitate of calcium sulfate. The mother 
liquor is drawn off and the water dis- 
tiHed off to leave the diamine. The 
diamine, which has a higher boiling 
point than water, is now distilled and 
it condenses as a colorless liquid, which 
becomes crystalline on cooling. The 
“reverse s)mthcsis" of a stocking into 
its chemical components is now com- 
plete. 
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INDUSTRIAL 

TRENDS 


WHAT TO PUT IT IN 

T HE container industry — frequently thouglit of as nuule 
up chiefly of producers of glass and tin containers — is in 
such a state of flux at present that almost any outcome can 
he anticipated, and with some basis of reason. Hence it is 
of interest to scan some of the present and near-past 
happenings, with a view toward watching future events and 
ititcrpreting them in terms of trends. 

A bit of history will help to shape up the whole situation 
Scarcely possible does it seem that bottles have been made 
in huge quantities only during the past generation Before 
1905, all bottles were made by hand — or, rather, by mouth 
Then came the invention that led to the perfection of bottle- 
making machines, and bottles became both plentiful and 
cheap. Long before that, however, the can manufacturers 
had been making good use of automatic machinery for 
high speed production of sheet-metal containers 

Once the bottle manufacturers got started, they opened 
new fields for their products, and during recent years have 
penetrated deeply into territory formerly considered as the 
private property of the can makers. Rack and forth went the 
balance, most recent and famous of the swings being the 
virtual capture of the beer field by the can manufacturers, 
only to have much of the business retaken by the glass men 
with containers for the beverage which held all of the 
advantages of the can and could be tagged with the slogan : 
“Beer is better in bottles.” 

But it is no part of our purpose here to hold forth on the 
accuracy of advertising slogans, even when concerned with 
the amber fluid that quenches many a thirst. The war put 
a temporary end to the beer can, and to tin-plate containers 
in many other fields. At the moment it appears that some 
of the stress which necessitated this ending may be relieved 
by improvements in the sheet-steel situation and by an 
increased supply of tin, but even these bright spots do not 
indicate any possibility of unrestricted tin-can production 
before the end of the war. It is possible, however, that 
there may be some relief in the matter of sheet-metal 
containers that do not require tin-plate. This would include 
such products as paints and dry materials that need the 
protection of a metal container for one reason or another, 
but do not need the corrosion-resistance of tin. 

In the meantime, glass has been progressing favorably in 
many spheres of packaging. Light-weight, strong glass 
containers, reported previously in these pages, have taken 
over much of the tin-can business, and probably will take 
over much more, especially in the food container field 
Glass has the advantage of being made of non-critical mate- 
rials, in which phase it leads many other products in that 
it can meet extremely large demands, provided that labor is 
available. 

But all is not sweetness and light for the glass container 
manufacturers. Research on fiber board, plastics, synthetic 
rubbers of various kinds, and other possibilities in the pack- 
itging industry have revealed many new ways of making 
containers out of materials other than glass and metal. 
Then, too, ‘‘styles” in many things that require containers 
are changing, making necessary corresponding changes in 
the containers themselves. Dehydrated foods are one exam- 


ple, and an example that is going to have far- reach i tig 
effects on our shopping and eating habits by the end of the 
war, if not before. Many foods that can be successfully 
dehydrated and “de-bulked” were formerly packed in tin or 
glass, in their natural state. Now, devoid of water and often 
compressed further to decrease their physical volume, these 
same foods can be wrapped in water-proof paper, synthetic 
film, or other covering that will afford whatever protection 
is needed from deteriorating factors. 

Then there are the frosted foods which, while not “dry " 
in the accepted sense of the word, nor de-bulked, do not 
require the protection of a tin can or glass jar. Here, again, 
a wrapping of some sort is the only protection needed, so 
long as the food is kept at the required temperature, and 
once more the glass and metal container manufacturers 
lose an old customer or a potential new one 

Of course, metal-container manufacturers have all the 
business they can handle at the present time, either making 
cans for food and other products on a restricted basis, or 
^^Hgaged in the manufacture of one kind or another of war 
materials The glass companies are doing all right, too 
Hut there is a day coming — and it is to he hoped that it is 
not too far in the future — when the military war is over 
and the war of containers starts once more Then it will 
be more than just glass versus metal ; the know-how piling 
up in other fields will be released and the fight will 
he on ♦ 

UP-AND-COMING POWDER METALLURGY 

P OWDEK metallurgy, dealt with in detail in past issues 
of Scientific American, is making a big place (exact size 
maintained as a military secret) for itself in many present 
day industries This definite and highly important trend 
has been .so clearly and patly put in The Research VtetvpoifU 
of Gustavus I h'sselcn, Inc , that we turn the rest of this 
page over to the editor of that recondite reporter of indiis 
try’s changing scene, and quote ' 

. . 'Fhc process is more tli;in 100 yeais old, but has 
made especially rapid strides in the past few years, and 
is creating a minor revolution in metallurgy 

“. . . It was in 1820 . that finely divided platinum was 

pressed and sintered into solid ingots. Later the technique 
was used to make finished products from tungsten, molyh 
denum, and other metals with melting points so high that 
they could not be handled by ordinary molding methods 

“The next step was the production of high-speed cutting 
materials such as the hard cemented-carbides, some of which 
could never be made by any other method. 

“The trend suddenly took another direction when the 
powdered metal technique was applied to materials that 
could be and always had been molded In some instances 
more intricate shapes, with closer tolerances, were obtained 
In others the production of scrap was eliminated. And what 
interested industry even more, costs were lowered on 
quantity production. 

“The latest development, announced before the war made 
all technological progress secret information, was the alloy- 
ing of metals by mixing mixing two or more alloys in 
powder form. This is known as diffusion alloying, 

“When war restraint.*; are removed, it looks as though 
there might be a mad scramble among materials, with 
plastics, wood, glass, metals, and metal alloys competing 
with one another. As each one finds its place of maximum 
economic usefulness it is likely that powder metallurgy 
will become one of the standard processes contributing to 
a more efficient post-war world.*' 
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Highways to Strategic Materiais 

Completed Portions of Pan>American Highway 
Can Help the United Nations' War Effort 


EDWIN W. JAMES 

Chief, Ihter^Amerlcaii tegioiiat OIBce, 
Uniteii Stofet Pvbllc AdminUtrattefi 


T he cuiiblruction of the Pan-Anieri 
can Highway is a monument to the 
co-operative spirit of the Western Hem- 
isphere republics, in sharp contrast to 
the holocaust of destruction now con 
suming the social and economic fabric 
of the Eastern Hemisphere. 

'i'he universal shortage of 
ship transportation has in- 
creased the importance of 
the Pan-American Highway 
as a potentially vital factor, 
not only in the “Battle of 
Supply Lines,’’ but also in 
the “Battle for Raw Mate- 
rials/’ so essential to out 
increased war production 
South America is veritably 
a storehouse of strategic 
materials for the great muni- 
tion industries of the Arsenal 
of Democracy, and is now 
more important than ever 
before a.s a source of strate- 
gic materials formerly ob- 
tained from the Far l^ast 
The Pan-American High- 
way System has been under 
construction for almost 19 
years. When it is completed, 
nearly half a billion dollars 
will have been expended on 
it. Construction and im- 
provements of this highway 
system are continuing today 
throughout the Americas 
For the internal move 
ment of materials in South 
America there already exist 
various railroad, air, and 
river shipping facilities Others which 
have been proposed or are under con 
struction can be coordinated with the 
Pan-American Highway. The course 
of the highway has been strategically 
laid out so that there are now conven- 
ient connections with other forms of 
transportation. 

Highway transportation has figuied 
very prominently in this world crisis. 
Our Government has recognized the 
impor^ce of highway tranportation 


for the movement of materials by grant- 
ing large loans and appropriations to 
the other American republics, totaling 
between 85 and 95 millions of dollars, 
for the building of the Pan-American 
Highway through Central and wSouth 
America. The same objectives are in- 
volved in the recent decisions to rush 
a “pioneer road” from the Mexican- 
Guatcmalan border to Panama City, 
soon to be linked with the Mexican 


Between Rio de Joneiro and Petropolis, Brazil 

railway system leading north to the 
United States border, and to rush 
to completion the Canadian-Alaskan 
Highway to make it available for motor 
transportation for defensive as well as 
offensive operations. But even these 
loans and appropriations may be in- 
adequate if speedier construction 
wanted. 

The wisdom of a planned interna- 
tional highway system as a basic part 
of our war program has been dramati- 


cally exemplified by China’s Burma 
Road over which has moved strategic 
materials. Reports indicated that a 
large percentage of the truckloads con- 
sisted of fuel — there being few sources 
of gasoline supply on the road. Such 
trucking of fuel would not be necessary 
along the Pan-American Highway 
System, since some fuel facilities are 
now available and gasoline depots 
could readily be established. 

Ships still are the principal means of 
moving commodities in inter- American 
trade. Therein is the crux of the inter 
American transportation problem It is 
the long se«a distance which makes this 
menace to our shipping so crucial. If 
transportation between the Americas 
over the long sea routes can be sharply 
reduced and if, at the same time, a 
continuous flow of essential .supplies 
can he maintained, we are on the way 
to a solution of the problem. 

Shipping distance from 
Buenos Aires, Argentina, to 
New York is 5871 nautical 
miles, if ships follow the 
normal peacetime shipping 
lanes around the north 
eastern hump of Brazil, and 
then sail in a straight course 
in the general direction of 
Cape Hatteras and thence 
to New York. The usual 
freight ship passage during 
peacetime over this route re 
quires 24 days and often 
more. A major portion of 
the trip is in the South 
and North Atlantic Ocean, 
where the incidence of ship 
sinkings has been highest, 
including sinkings of ves- 
sels of South and Central 
American registry. A part 
of the voyage from Trinidad 
north is made in secondary 
naval and aerial patrol zones 
Through a greater part of 
the trip, ships do not have 
the primary protection of the 
Army or Navy patrols ex- 
cept at the time ships are 
about to enter waters ad- 
jacent to ports of destination 
in the United States. 
Obviously there is a great 
advantage in routing shipping over the 
Caribbean Sea and the Gulf of Mexico, 
Not only is the sea route shortened, 
but the Gulf and Caribbean region is 
already under the vigilant eyes of 
Army and Navy, because of its prox 
iniity to the Panama Canal. The con- 
centration of the major part of inter- 
American transportation in this area 
would also permit concentration of 
Army and Navy protective units in this 
region. Thus protection will be in- 
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Economic importonce of the Pon-Americon Highway System con reodily be seen from this sketch mop 


cic.'isfd in proportion to the shorten- 
inj;^ of the dangerous sea distance 
In weighing alternative combinations 
of land and water routes, it is the South 
American section of the Pan-American 
Ilighw^ay with which we are at present 
conccrnctl Except for about 2000 miles 
of continuously surfaced roads in Mex- 
ico, the 3500 miles of the North 
American section of the Pan-American 
Highway (known as the Inter-Aineri- 
can Highway north of the F’anama- 
Colombia border) is not being consid 
ered, as that section is still under con- 
struction. Some intermediate sections 
are completed, but will not be contin- 
uously connected until June, 1943 
Approximately 300 miles of territory 
in southern Panama and northern 
Colombia are still only semi-explored 
The South American section of the 
Pan-American Highway between La 
Ciuaira. Venezuela, and Rio de Janeiro, 
Rra/il, is about 8200 miles long, fol- 
lowing for the most part the Pacific 
Coast through Colombia, Ecuador, and 
Peru, and continuing southeast through 
Bolivia and Argentina and thence 
northward along the Atlantic Coa.st 
dirough Uruguay and Brazil. 

The Pan-American Highway’s com- 
pleted and projected routes are traced 


on the accompanying map Repoits 
reaching the Public Roads Administra 
tion as of August, 1941, indicated that 
the highway in .South America was 
76 1 percent finished for “all weather” 
driving — which means all-year ’round 
An additional 20 3 percent is “dry 
weather” road, which can be used six 
months during the year, bringing the 
total of useful highway to 96 4 percent 
for at least six months in the year 
During the past year additional con- 
struction and improvements probably 
have moved this last figure up to about 
98 percent. 

F rom April to November, in the 
12,600-foot Uspallata Pass in the 
Andes Mountains, at the border of 
Chile and Argentina, winter snows ac- 
cumulate and prevent normal move- 
ment of wheeled traffic between the two 
countries for about six months of the 
year If increased traffic warrants it, 
snowplows could keep this road open all 
year. The map shows the alternate 
central route north of Buenos Aires, 
Argentina, to La Paz, Bolivia, con- 
necting with the western branch of the 
Pan-American Highway to Vitor. 
Peru This route could be utilized to 
sf'ivii-c Aij^cntina. Hingnav. Par.i 


guay, Bolisia, and potlions of southern 
Brazil during the winter months, so 
that there can be free movement of 
\ eludes o\er the highway all during 
the year 

Truck transportation over the Pan- 
American Highway is expected to be 
a principal feature of future trade 
among the other Americas Trade 
among the American republics is more 
important than ever before now that 
they are cut off from many foreign 
markets hA’cn if the present rate of 
shipping could be maintained, which is 
doubtful, normal reejuirements are not 
being met A plan to supplement ship- 
ping by utilizing trucking over the 
highway loi transportation to the 
United .States of vital strategic supplies 
would be an important step in provid- 
ing materials for urgent production of 
military weapons as well as maintain- 
ing South America’s economy. 

Recent reports from Peru indicate 
that plans are being considered to 
solve local transportation problems 
engendered through the shortage of 
shipping by using truck convoys over 
the Pan-American Highway to haul 
goods from southern to northern Peru, 
over a distance of alxait KKK) miles. 

These plans propetse lo accumulate 
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Progress on o rood consfrucfion project in Costa Rico 


cargoes in northern Peru and thus save 
a thousand miles of ship movements. 

The question may be raised as to 
whether necessary supplies and service 
facilities exist in South America to 
provide for a large-scale, long-haul 
trucking movement. There is oil in 
Venezuela, Colombia, Peru, and Ar- 
gentina; Venezuela is the second larg- 
est oil producer in the world. 

THLKE is rubber in Brazil, Colombia, 
■ Bolivia, Ecuador, Peru, and Venezue- 
la. There are 12 tire factories in South 
America. Recently, United States gov- 
ernment agencies have sent many 
technicians to South America to stimu- 
late increased production. Forty thou- 
sand tons of crude rubl>er annually is 
expected to be produced in the other 
American republics by 1943, with pro- 
gressive increases each year thereafter. 

As to other facilities: Every part 
of the highway, where constructed, 
is now being used for inter- and intra- 
American trucking and bus travel, al- 
though up to the present it has not been 
used extensively for the transportation 
of strategic materials to the United 
States, except for limited quantities 
coming from Mexico, The Mexican 
section of the Pan-American Highway 
and other Mexican national and auxil- 
iary highways provide a continuous 
system of Jibout 2000 miles of surfaced 
roads directly connected with those of 
the United States. 

Even though we assume that motor 
transport costs exceed wartime ship- 
ping costs by a considerable margin, 
the fact that we have at present in- 
sufficient shipping at any co.st to fulfill 
our needs should eliminate this factor 
as a basic consideration. Such cost 
differences as exist, when measured by 
United States prices, may be substan- 
tially reduced by the lower wage scales 
prevailing in most South American 
countries and the added economy of 
operation of Diesel-motored trucks. 

As a proposed partial solution, a 
general movement of critical and stra- 
tegic materials could emanate from 
Argentina and southern Brazil and ac- 
cumulate westward through Chile, and 
northward through Bolivia, Peru, Ecu- 
ador, Colombia, and Venezuela, toward 
seaports situated on the Caribbean Sea 
and the port of Buenaventura on the 
west coast of Colombia, on the Pacific 
Ocean. 

Secondary roads, airports, and rail- 
ways are built in and adjacent to this 
region and around the ports of Mara- 
caibo and Puerto Cabello in Venezuela, 
and Barranquilla, Cartagena, and Santa 
Marta in Colombia. At these ''ports of 
accumulation'’ there already are stor- 
age warehouse facilities and more 


could quickly be built. Colombia’s own 
road program includes improvement 
and extension of secondary roads in 
ihis area Another important link, 
which is nearing completion, is a new 
highway which will connect Cali and 
Palmira, Colombia, on the Pan-Ameri- 
can Highway, with the port of Buena- 
ventura on the West Coast. 

Peru and Bolivia, too, are stepping 
up auxiliary road construction. Near- 
ing completion is a 350-mile highway 
which will eventually link Lima, Peru, 
with its eastern empire across the 
Andes to Tingo Maria, site of a new 
agricultural experiment station. 

pROM the South American Caribbean 
■ ports shipments could he made to the 
United States. This routing would re- 
duce the ocean distance to passage over 
the Caribbean-Gulf region only. Allied 
vessels also could make pickups for 
Briti.sh, Chinese, and Russian distri- 
bution. This would eliminate thousands 
of miles of precarious ocean travel by 
British and other Allied shipping 'I bis 
routing would avoid voyaging north or 
south along the east and west coasts of 
South America. 

Ships crossing the CJulf of Mexico 
from the "ports of accumulation" could 
be docked in the United States at 
Houston, Texas; New Orleans, Louisi- 
ana; Mobile, Alabama; at Tampico and 
Vera Cruz, Mexico (highways and 
standard gage railways to the United 
States border run from these Mexican 
ports; or at other United States ports 
adjacent to manufacturing centers or 
strategically close to Army and Navy 
establishments, railheads, or inland 
waterways, or river systems. From 
these ports rail, river, plane, or truck 
transportation could assume the final 


task of domestic distribution of goods 

Another alternate shipping route is 
that from the oil center and port of 
ralara. Pern, or from the port of 
Buenaventura, Colombia, northward 
up the Pacific Coast to the port of Aca- 
pulco, Mexico (a surfaced highway 
connects with the Pan-American High- 
way at Mexico City, leading to the 
United States border), or the ports of 
Mazatlan, Manzanillo, and Salina 
Cruz, which are connected with the 
United States by standard gage rail- 
ways, or ships can sail directly to 
United States west coast ports. There 
have been very few .ships sunk off the 
Pacific Coast of North and South 
America by the Japanese and the 
smashing attacks made by the United 
States Navy again.st the Japanese 
Navy in the Battles of Midway and 
the Solomons bodes ill for raiders in 
this area. 

The Pan-American Highway could 
compensate in part when the enormous 
tonnage, and practically the entire con- 
voying strength of the United Slates 
and our allies, may be mobilized for 
shipping troops and supplies to open 
new fronts. With new battlefronts 
rapidly developing, inter-American 
supply lines may have little or no 
protection against undersea attack. 
Every mile of highway built and used 
now may mean the saving of lives, 
ships, and vital cargoes of strategic 
materials for our war industries. De- 
velopment of the Pan-American High 
way as the "Lifeline of the Americas” 
should prove of inestimable value in the 
international effort to maintain a con- 
tinuous flow of raw materials to United 
States war industries, and a return 
flow of essential goo<ls to the other 
Americas. 
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BEYOND THE HORIZON 

Eminently realistic and practical is the view which a 
group of New York business men and technologists are 
taking of the post-war industrial world In the days to 
come, they argue with irrefutable logic, those industries 
which have prepared for the inevitable tiansition from war 
production to peace-time activities will be the ones which 
will prosper ; others will languish and possibly fail 

The well-known path toward such preparedness for peace 
is research, applied now to future problems. Through re- 
search it becomes possible to plan new civilian uses for 
military products, to determine means foi machinery and 
product conversion, to take out insurance, so to speak, on 
what lies as yet beyond the horizon. But many important 
industries today lack research facilities, do not have the 
manpower to establish ])lanning departments, perhaps do 
not have personnel with the depth of vision neeilful for 
peering into the as yet unknown 

It is to aid just such industries that the afot enientioned 
business men and technologists have h.inded together in 
a post-war planning board. The memluns of this hoard, 
selected fiom a number of fields of endeavor in which they 
hold outstanding positions, represent a sum total of talent 
the equal of which could be employed, if available, only by 
the largest of industrial organizations 

Yet the services of this planning group are now at the 
disposal of the smaller manufacturer, whose specific or 
general problems will be considered by specialists. Recom- 
mendations will then be made for changes, developments. 
01 what ever, in the opinioti of the experts, may be neces- 
sary to fit the machine, the product, or perhaps the manu- 
lacturer’s organization itself to the needs of the future. 

Hy such an approach the smaller, and many a larger, 
manufacturer will be relieved of his worries about the 
problems of tomorrow With thc.se worries poured into a 
pool of experts, he can concentrate more completely, and 
successfully, on the business of the moment. Out of the 
pool, in due time, will flow the answ'ers, unless, indeed, 
the problem proves to be completely unsolvable. 

Such a realistic approach to post-war industrial activities 
IS highly encouraging, showing as it does that some people 
aie doing more than talking about the future I'he fore' 
sighted aie pLinning for it — J.P P 

SECRECY VERSUS PATENTS 

\A/arning that ema.sculation of our patent system is a 
danger even closer today than ever before, J^r. Robert K. 
Wilson, president of the Pan American Petroleum and 
Pransport Company, recently told members of the American 
Chemical Society, and others, that there is a definite possi 
bility that such emasculation would result in a reversion to 
the dark ages of secret processes. 

“Our patent system is in real jeopardy,” said Dr. Wilson. 
“This jeopardy is due to public misunderstanding which in 
turn is largely due to deliberate misrepresentations as to the 
nature of the patent monopoly and the part which patents 
play in encouraging invention and the prompt disclosure 
of discoveries and inventions to the public. The inevitable 
alternative of secrecy would tremendously retard the prog- 
ress of both science and industry in this country. 

“It is high time for scientists to join the patent bar and 
trade organizations which have heretofore borne the brunt 


OUR 

Point 

OF VIEW 


of combatting the threat of our patent system which 
jeopaidizes the whole future of industrial research. Unless 
our scientists help to educate the lay public as to the facts 
of the situation, ill-considered legislation may be adopted 
which would hamper all research, prevent the prompt and 
free exchange of information, destroy the market of the 
independent inventor, and discourage the continuance of 
American industrial research, of which we are so justly 
proud 

“Probably the most serious effect that emasculation of 
our patent system would have on the future of research 
would be to encourage the use of secret processes. This 
would be highly unfortunate, since one of the principal 
reasons for the rapid advance of science and technology in 
the past 30 years has been the practical elimination of the 
secret process in favor of full disclosure and patenting as 
the preferable method of protecting one’s rights and interests 
in his invention. 

“If we take away a large part of the reward for disclosure, 
the tendency to revert to the dark ages of secret processes 
w ill l)c inescapable. The loss to our country would not be 
merely that due to the absence of competitive use of the 
process but even more in the slowing down of the exchange 
of basic information and new ideas. 

“Intcr-company research conferences and reports on new 
lines of development would practically cease and early 
publication of research work would seldom be permitted. 
Industrial espionage would rear its ugly head, and efforts 
to prevent it would force the elimination of the ‘open door’ 
policy of most of our industrial laboratories. 

“Even though the attempt at secrecy might usually fail 
within a few years, the cumulative effect of the loss of time 
betw'ecn successive improvements would tremendously retard 
our progress. Under present conditions new discoveries are 
frccjuently puhli.shed long before the patent is actually issued, 
and the effect on the whole tempo of industrial progress is 
(lomendous because so little time elapses between the dis- 
covery and the general availability of the information to 
stimulate new researches in a variety of fields not originally 
dreamed of by the original discoverer. 

“We must also not overlook the effect of a drastic 
weakening of our patent system on our future ability to 
get information from abroad,” Dr. Wilson said in summa- 
tion. “Manufacturing conditions aboard are usually better 
ailapted to protecting the secrecy of processes than in this 
country, and it is only the liberality of our patent system 
and the existence of a real market for worthwhile patents 
which has led most foreign patentees to make early appli- 
cation for a patent in this country.” 

None of what Dr. Wilson has to say in any way militates 
against revisions of our patent system to meet changing 
times; it cannot be too strongly emphasized, however, that 
the system itself is basically sound and should not be 
tampered with to meet crackpot or political or other selfish 
ends. — 0,DM, 
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Water and You 

In AAany Ways that Are Commonly Overlooked/ 
Water is Involved in our Physiologic Processes 


ARTHUR L, MEYER, M.D. 

Permerly on the Sfcrfl of Hie Rockefeller Inetltute 
for Moaicol Rotoarcli/ ond Associote Profoetor of 
Physiology in The Johns Hopkins University 

A QUIZZICAL old gentleman once 
remarked that, in his opinion, 
the oceans were greatly overdone. I 
think that most of us, however, will 
easily appreciate the wisdom that 
prompted so wide a distribution of 
water over the face of the earth With- 
out water, life would be as non-existent 
as it is on the Moon. If, then, our planet 
is to continue as a habitat for living 
things, there must never be the slight- 
est danger of a general and thoiough- 
going drought. 

It’s really amazing how largely the 
human anatomy is composed of water 
If a cadaver, weighing 170 pounds, 
and free from abnormal accumulations 
of water during its lifetime, were thor- 
oughly descicated, it would weigh only 
about 50 to 60 pounds We are, there- 
fore, in very large part nothing more 
than animated masses of water. What 
is true of man is also true, of course, 
of all the representatives of the plant 
and animal kingdoms. The further fact 
that the youngest, the most actively 
growing forms of protoplasm, are high- 
est in their water content indicates 
that water must have been very inti- 
mately concerned with the origin of life 
itself. And it is precisely by this token 
that the shrinkage of the senescent 
frame is prophetic of impending death 
It might seem that living matter, 
with its remarkable capacity for 
growth and reproduction, mental and 
spiritual achievement, would require 
something vastly more mysterious than 
water as its major ingredient. But 
strange to .say, it is one of the char- 
acteristics of life to use only the most 
commonplace material in its structural 
organization. It shuns radium, gold, 
and platinum, but it does seize upon 
such things as carbon, oxygen, nitro- 
gen, hydrogen, sodium, calcium, mag- 
nesium, sulfur, and iron; that is to 
say, elements which are among the 
most abundant in Nature. 

Some of the reasons for the indis- 
pensable place that water occupies in 
the scheme of life are easy to under- 


stand. Water is an ideal solvent. I can 
think of no beverage adapted to human 
consumption, having a solvent other 
than water, and I am not forgetting 
milk. Even the most bibulous among 
us prefer to take their spirits in aqueous 
solution. And there is something about 
water which makes it the most ac- 
ceptable of solvents to oxygen, so gen- 
erously provided by the atmospheric 
ocean in which we live. Before satis- 
fying their innate affinity for the iron 
of hemoglobin, the molecules of oxy- 
gen are jostled about in the watery 
plasma of the blood. They seem to like 
this. Otherwise they would not so 
willingly become disengaged from the 
hemoglobin, and submit to another 
jostling in a watery medium before 
their final union with certain tissue 
elements. The tissues, however, are 
calling for other things besides oxygen 
They need fuel. It would be hard to 
imagine how a dish of salmagundi 
could provide sustenance to hungry 
cells if, after suitable preparation in 
the central cuisine of the body, it 
weren’t given transportation to places 
where it was most needed The reason 
that this is accomplished so effectively 
is partly because the vehicle of trans- 
portation is water. 

THE living furnace, unlike the house- 
■ hold furnace, is obliged constantly to 
attend to the removal of its own waste 
products. Oxygen burns carbohydrates 
and fats into carbon dioxide and water 
as completely within the body as it 
would in a bomb calorimeter. Since wa- 
ter isn’t really a waste product, it is re- 
tained so far as possible, but carbon 
dioxide is carried into the lungs, where 
it finds an easy exit by passing up the 
flue, so to speak. Things are very dif- 
ferent in the case of proteins, however. 
Proteins are only partly burned in the 
body. The residue, which is known as 
urea, appears as one of the constitu- 
ents of urine. 

The digestive juices which are daily 
poured into the alimentary tract con- 
tain about four quarts of water. In a 
less economical system all of this 
water would be cast off with the in- 
digestible remnants of food. But our 
bodies think highly of this water, and 


letmn most of it to the circulation 
.Since the volume ictuined is about 
foui times the amount that the average 
person drinks each day, our intake of 
water would have to be considerably 
greater than it is, were it not for this 
provision of Nature. 

Though every effort is made to con- 
serve the body’s water supply, certain 
loses are unavoidable. The water in 
the solid excreta serves as a lubricant 
The urinary output carries with it the 
rcfu.se of general metabolism. The 
water which is constantly evaporating 
from the lungs and skin surface is 
known as insensible perspiration, and, 
because of its cooling power, is one of 
the factors regulating body tempera- 
ture, thus reminding one of the hot 
desert custom of cooling water by plac- 
ing it in earthenware jars. On occa- 
sion the body dilates its peripheral 
blood ve.ssels and brings into action 
innumerable miniature geysers, called 
sweat glands. But for this, and a suffi- 
ciently dry atmosphere, a thermometer 
rising to uncomfortable heights would 
be rather enervating dm ing a stiff 
bout of tennis. 

QEVERAGEs are by no means the only 
source of our water supply. Every 
portion of fruit or vegetable or meat 
contains water, and every bit of carbo- 
hydrate, fat, and protein that we burn 
within our bodies is actually converted 
partly into water. Furthermore, the 
body has a commendable habit of stor- 
ing water against a temporary shoil- 
age. Whenever the reserves in the skin 
and mu.scles run low, we are promptly 
informed by a signal which we recog- 
nize as thirst. In the simple act of 
satisfying our thirst, we are adequately 
safeguarding our water balance. I'his 
thought should be a comfort to those 
who are given to fretting overmuch 
about their water intake. 

When we drink “plain water,” we 
are not drinking water in a state of 
unmixed purity, to be sure. There is 
no such thing in Nature. What we 
drink is always a mixture of the mole- 
cules of ordinary and “heavy” water 
plus something else — a solution, in 
other words ; for even rain-water, prod- 
uct of a gigantic distillery, contains a 
dash of ammonium salts and certain 
ga.ses to give it a tang, presumably lest 
plants should otherwise find it too in- 
sipid. On issuing from our .springs, 
having percolated all manner of soil, 
it has become “hard," or chalybeate, 
or sulfurous, or radioactive, or what 
not. One sometimes marvels that its 
further exposure to such things as 
chlorine, copper sulfate, alum, and cal- 
cium hydrate, during the rites of chem- 
ical purification by our sanitary ex- 
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perts» should still leave it potable, not 
to say wholesome, when it comes from 
our hydrants. 

But long experience has made life a 
connoisseur of solutions. The blood 
plasma, tissue fluids, lymph, and cell- 
sap are all watery solutions of 
sugar, salts, and albuminous materials 
Though an exchange is constantly 
going on between them through parti- 
tions of delicate fabric, they are always 
kept in a state of “osmotic” balance 
What passes from one to the other 
depends on the kind of specialization 
achieved by the partition itself. Some 
of these living membranes are per- 
meable to water only. Most of them 
permit the diffusion of water and 
crystalloids, and many of these also 
allow proteins to pass, while others 
have denied a free thoroughfare to the 
protein molecule. 

%WE*LL assume that on a hot summer’s 
day your sweat glands pour out 
four pounds of water in an orgy of liba- 
tion to the goddess of badminton You 
piake good the loss by drinking water, 
and your kidneys, always on sentinel 
duty, prepare a urine containing sufli- 
ciently less salt to compensate for what 
is lost in the sweat; for the body, you 
see, conserves salt as well as water 
Should you, by ^ny chance, over- 
indulge in water, the kidneys would 
simply get rid of the excess, except 
for a portion which might be held for 
storage. 

When the body cells live together m 
peace and comfort, the disposition they 
make of their water supply is very 
different from what we see in times of 
stress, or under conditions which alter 
the vital fabric. 

Abdominal cramps and an intense 
feeling of fatigue and depression may 
sometimes be met in stokers, miners, 
steel workers, and others engaged in 
extremely hard work in extremely hot 
places. The overtaxed muscles and 
sweat glands of these men are so 
greedy in their demands on the cir- 
culation that the kidneys for the time 
being are out of action. In these cir 
cumstances, a heavy drain on the salt 
reserve, uncompensated by a corre- 
sponding intake, and a gulping thirst, 
over weeks and months, can do little 
else than produce a state of chloride 
shortage. 

In the under-world the Danaides, 
you may recall, were assigned the task 
of forever lifting water in sieves. The 
story comes to mind as I think of dia- 
betes insipidus. In this disease the 
kidneys have become profligate, for 
some strange reason, of the body's 
water, and permit as much as 40 pints 
to pass, as through an ordinary filter, 
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in a single day. As the sieves of the 
daughters of Danaus probably retained 
things other than water, so the kidneys 
in this disease retain sugar and pro- 
teins. Except for its watery color and 
enormous volume, the urine is fairly 
normal Persons with diabetes insipi- 
dus are therefore not diabetics in the 
ordinary sense of the term 

An extraordinary loss of water is 
again prominent in the foreground of 
cholera ; this time from the bowel 
W^ater passes into the bowel from the 
blood stream against the usual traffic 
signals, as if in a desperate effort to 
Hush out the invading germs Watei 
entering the body in abatement of a 
burning thirst fails to negotiate the 
barriers temporarily set up between 
bowel and circulation. Hence the blood 
becomes viscous, and more viscous, 
until at last we have a condition re- 
sembling a plumbing system filled with 
molasses. And yet, mirabile dictu, in 
some instances, the diarrhea vanishes, 
the body warmth returns, the kidneys 
again function, and the patient re- 
covers. 

Though water is one of the simplest 
of substances, the mechanism of its 
physiological behavior is not so simple 
At this point, therefore, rather than 
yield to the temptation of discussing 
the physical forces of .solution, ioniza- 
tion, diffusion, and osmosis, let me 
conclude with a word of assurance 
To those who h.arbor a fear of nausea, 
dizziness, and motor incoordination 
from too liberal an intake of water, it 
may be said that, while “water intoxi- 
cation” is an entity experimentally 
demonstrable in some animals, the 
possibility of its occurence in human 
beings is quite remote. Too little water 
is far more likely to be disturbing than 
too much water. And finally, if there 
are those who suspect water of being 
a causative agent of their obesity, let 
me remind them that by no alchemy 
has water ever been transformed into 
fat. It may add to one’s weight, but not 
to one’s embonpoint 

• • • 

ULTRA-SONIC 
Foettftd Ultri-SoHnd Wmt 
From Cunrad Crytlalt 

Ultra-sonic waves, which are in- 
tense sounds of such short wavelength 
that they are far beyond human hear- 
ing, have been produced in a focused 
beam in the laboratories of the Col- 
lege of Physicians and Surgeons, Co- 
lumbia University. Turned on liver 
and other animal tissues, they have a 
destructive, ‘‘cooking” effect in the 


spots where they were focused. They 
also throw water upward in a mound- 
like jet, melt holes in paraffin blocks, 
and have other striking physical ef- 
fects. 

The new work with ultra-sonics is 
being done by a threc-man research 
team, John G. Lynn, Dr. Raymund L 
Zwemer, and Arthur J. Chick. 

Ultra-sonic waves are produced by 
specially cut pieces of rock crystal — 
piezo-electric crystals — which vibrate 
tens or hundreds of thou.sands of 
times a second when stimulated by 
high-frequency electric currents. (Hu- 
man auditory range stops at about 20,- 
000 cycles a second.) 

Biological effects of ultra-sonics 
were first studied about 15 years ago 
by Prof. R. W. Wood of the Johns 
Hopkins University, Prof. E. Newton 
Harvey of Princeton University, and 
Dr. Alfred L. Loomis of Tuxedo Park, 
New York, in the latter’s private lab- 
oratory. At that time, the crystals used 
were flat, so that the “beams” of ultra- 
sonic waves went out in straight or 
somewhat spreading lines. In the new 
experiments at Columbia, curved crys- 
tals are used, which have the effect 
of focusing the waves at a point, like 
the concentrated light beams passing 
through a lens. Their effects are thus 
at once localized and intensified. 

• • • 

INSECT SIGHT — Experiments indkote thot 

honey bees end fruit flies con see vitro- 
violet light, which it invisible to humon eyes, 
reports the Better Vision Institute. 

• • • 

PISTON STUDY 
FaollltatMl by New 
Pbotograpbie Davalapmaat 

^^UTOMOTTVE engineers have put pho- 
tography on the job of ascertaining 
how well lubricating oils meet the se- 
vere requirements of actual service 
The camera is built into what they 
call a “piston-photographing machine,” 
which produces an image of the entire 
piston surface upon a single plane with 
practically no distortion. In use, a test 
piston is slowly rolled and revolved 
at constant speed along an arc. It pre- 
sents each point of its circumference 
equidistant from the center of the arc 
for photographic exposure through a 
j4-inch slot, which moves with the 
piston and is in line with the point of 
contact and with the camera lens. The 
resulting picture clearly reveals all 
marks, sueh as those of the original 
finish, scuffs, scratches, carbon de- 
posits, varnish, and so on. 
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ASTRONOMY 


A Dream Almost Attained 


A New Success Seems to Bring Astrophysics Still 
Nearer to the Rounded Solution of a AAajor Problem 


HENRY NORRIS RUSSELL, Ph.D. 

Heod of the Department of Attronomy and Director of the Obcervo- 
tory at Princeton University. Rocoorch Aceocioto of the Mount 
Wilson Observatory of the Carnoflio Institution of Woshinpton 


T he earlier history of astronomy 
fell into two stages: first, that of 
observation in which the orbits of the 
planets and their laws of motion were 
determined, and their distances and 
dimensions approximately found; and 
second, that of theory and observation 
combined, when these empirical laws 
were shown to bo consequences of the 
principles of dynamics and gravita- 
tion. It then became possible to deter- 
mine quantities — such as the masses of 
the Sun and the planets — which had 
previously been outside even the range 
of speculation, and to predict all the 
possible kinds of orbit which a body 
moving near the Sun could have, and 
to explain the motions of comets, and 
by other applications to account for 
such things as the tides. 

A similar advance in the newer 
science of astrophysics has taken place 
in our times. Forty-two years ago 
(when the writer began his contribu- 
tions to this journal), though much 
fewer observations were available than 
now, it was possible to find the dis- 
tances, luminosities, masses, diameters, 
and so on, of enough stars to give us 
a fair idea of their properties. The 
Spectroscope gave us extensive knowl- 
edge of the composition of their atmos- 
pheres, and revealed the existence of a 
long series of inter-grading types. We 
knew a great deal; but we had little 
or no idea of what a star ought to be 
like, on general principles, or of the 
real significance of such things as the 
spectral sequence. 

The great awakening came this time 
with the discovery and development 
of the principles of atomic physics, 
which have done as much for astro- 
physics as those of gravitation did long 
ago for astronomy. 

Knowledge which once seemed be- 
yond even the dream of attainment is 
now in our grasp and we arc far to- 
ward a solution of the deductive prob- 
lem : Given a large quantity of matter, 
of known composition, isolated in 
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space: Into what configmations can 
it settle down for a long-enduring 
career? Will it be self-luminous? If 
so, how big, bright, and hot will it 
be? And what will be the spectrum of 
its light? 

We need only recall in a few words 
how Eddington showed that any large 
mass — more than a tenth of the Sun’s 
— would be so hot inside that it would 
be hot outside and self-luminous, and 
that the brightness would increase 
rapidly with increasing mass and 
slowly with diminishing diameter. 
This explained why a star of the Sun’s 
mass should be of about the Sun’s 
brightness, but not why it should be 
of the Sun’s size. Later, Bethe found 
a set of reactions between atomic 
nuclei which accounted for the gradual 
and self-regulating production of 
enough heat to keep the stars shining 
for billions of years ; and this indicated 
that a star of the Sun’s mass and 
brightness should be also of about the 
Sun’s size and therefore of the Sun’s 
surface temperature and color. To fit 
the Sun exactly, the mass would have 
to be composed mainly of hydrogen 
and helium, with a small percentage of 
heavy elements. 

E HAVE, therefore, a reasonable 
” explanation, on general principles, 
why stars like the Sun are what they 
arc — and likewise brighter and hotter 
stars like Sirius and Procyon, and 
cooler, fainter ones like 61 Cygni. 
What happens inside the great red 
giants like Arcturus and Antares we 
do not know yet. 

Passing from the general properties 
of the stars to their spectra, reasoning 
along the lines initiated by the Indian 
physicist, Saha, shows that in the 
atmosphere of a star of the Sun’s tem- 
perature some elements, like helium 
and neon, would not have their atoms 
stirred up enough to fit them to absorb 
lines in the observable part of the 
spectrum, while others, like potassium. 


are so easily affected that few atoms 
remain in condition to produce observ- 
able lines. This explained not merely 
why the solar spectrum looks as it 
docs, but why some lines get stronger 
and others weaker in the spectra of 
the hotter stars, while other changes^ 
happen for the cooler ones. The whole 
sequence of spectra was thus explained 
at one sweep, and refinements such as 
the differences in finer detail between 
the spectra of giant and dwarf stars 
of the same temperature soon yielded 
to the analysis. 

At the same time another riddle was 
solved — why the surface of the Sun 
which is far too hot to contain any 
solid particles or liquid drops, looked 
like a sheet of incandescent cloud, with 
markings on it such as sunspots. The 
medium is purely gaseous; but it iv 
full of free electrons, and the inter- 
action between these, the light-waves, 
and the charged atoms from which the 
electrons have been lost, make the gas 
hazy, so that we can not see very deep 
into it and it looks substantially like 
patches of ground-fog seen from a 
height. 

^Nnly the atoms or molecules in the 
atmsophere above this fog can 
absorb the spectral lines that we ob- 
serve. To be more precise, the fog 
thickens gradually downward, and we 
must count the atoms which lie above 
a certain average level where it is 
already pretty thick 

On these principles it has been possi- 
ble to make a surprisingly good quanti- 
tative analysis of the atmospheres of 
the Sun and of many stars. They are 
found to be composed mainly of hydro- 
gen and helium with only a whiff of 
atoms of other kinds; but the relative 
abundance of these heavier atoms is 
remarkably similar from star to star, 
and remarkably similar in general to 
that in the surface crust of the Earth. 

With all this long list of successes, 
the theory failed in one point until 
recently. It indicated that the lines in 
stellar spectra, and in the solar spec- 
trum in particular, should be much 
wider and darker than they are actually 
observed to be. The Sun’s atmosphere, 
down to the impenetrable haze, is sur- 
prisingly shallow. The first to realize 
this fact, long before its full implica- 
tions could be realized, was that great 
pioneer in astrophysics, Sir Norman 
Lockyer. Sixty years ago, he exhibited 
to a scientific audience in London the 
sodium lines in the Sun’s spectrum, 
and the same lines as absorbed from 
white light by passing through a salted 
Bunsen flame an inch thick. The latter 
were the stronger — and so, said he, 
we know that there is less sodium per 


SCIENTIFIC AMERICAN . MARCH 1943 



square inch in the Sun s atmosphere 
than in this flame. 

It was more than 40 years before 
this half-forgotten remark was fully 
appreciated. Now we know that Lock- 
yer was entirely right; but why the 
solar lines of sodium, and other ele- 
ments, should be so faint began to be 
explained only three years ago. 

Qualitatively, we understood per- 
fectly well that, when an electron 
passes close to a charged atom and 
changes its *‘orbit,'’ or when one is 
capttired by an atom and later knocked 
off, light is emitted or absorbed in 
such a way that the gas, as a whole, 
scatters light of all colors, and behaves 
like a thin fog. But when the theory 
was developed far enough to permit of 
fairly accurate calculation of this 
scattering, it was found to he much 
too small. We should see deep enough 
down into the photospheric fog to 
leave at least ten times as matiy atoms 
working above it as are rcxjuired to 
produce the observed spectral lines, 
lividently there was some additional, 
and powerful, source of haziness in 
the atmosphere. 

A SIMILAR situation was found in 
” the cooler stars in general. In 
the A-stars, like Sirius, where the 
very numerous hydrogen atoms are 
split up, the calculated scattering 
agreed tolerably with observation 

In 1939, Wildt, who knows moie 
modern chemistry than most other 
astrophysicists, saw where the answer 
was. The Sun’s atmosphere contain.^ 
an overwhelming proportion of hydro 
gen. The molecules are all dissociated 
into atoms, but hardly any of these are 
ionized — it is too hard to get an elec- 
tron off one at that temperature. It 
had been supposed that these hydrogen 
atoms were practically inert as regards 
visible light, but Wildt found in the 
chemical literature evidence that the 
neutral hydrogen atom has a certain 
tendency to attract a free electron, 
and build up a negatively charged atom. 
It had long been known that electro- 
negative atoms, such as chlorine and 
oxygen, had this ‘‘electron aflfinity;” 
but the fact that hydrogen possessed 
it was less familiar. This affinity is 
small for hydrogen (0.7 volts on the 
usual scale), but is sufficient to cause 
a certain fraction of the hydrogen 
atoms in the Sun’s atmosphere to cap- 
ture electrons. This proportion is 
very small, only one in 10,000,000, 
according to Wildt’s calculations: but 
these atoms are continually losing their 
loosely bound electrons, while others 
pick electrons up, maintaining the 
average, and this process pjroduces a 
very considerable scattering- of light 
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Only rough calculations of this could 
be made three years ago. They showed 
that the total scattering effect pro- 
duced by this process should greatly 
exceed that resulting from the inter- 
action of electrons and chargeil metallic 
atoms — which has much les.s influence 
per encounter 

To proceed further was heavy work 
It is not possible to get enough atomic- 
hydrogen in the laboratory to observe 
this scattering. It must he calculated, 
by the laborious processes of wave- 
mechanics. This was done by Massey 
and Bates in London, just before the 
war, and it then appeared that the 
slight scattering due to the new process 
far exceeded that arising from all those 
previously known, and accounted for 
the main part, at least, of the unex- 
plained haziness of the Sun’s atmos- 
phere. .Strdmgren, extending it to the 
stars, found it equally valuable there 

O .st DETAIL, however, remained to 
be cleared up. The calculated scat- 
tering was strongest in the violet at 
4000A, and fell off considerably to- 
ward the red. In a star like the Sun. 
where most of the haziness comes from 
it, red light, having to pass through 
less haze, should come, on the average, 
from deeper and hotter layers than 
violet light. In consequence, the con- 
tinuous background of the spectrum 
should be stronger in the red than it 
would be if the haziness were the same 
for all colors. That is, the Sun’s light, 
on the average, would be redder. 

The color-temperature, measured 
by the proportion of red to violet light, 
would then come out lower than the 
effective temperature, calculated from 
the total amount of radiation per unit 
area. This is not the case: the Sun’s 
light is actually strong in the blue, 
and its color temperature is higher 
than the effective temperature This 
could be met by theory either by dim- 
inishing the calculated haziness in the 
blue or increasing it in the red. Very 
recently a new calculation has been 
made by Williamson, at the Yerkes 
Observatory, using a much more ac- 
curate, and of course more compli- 
cated, set of formulas — such that the 
equation expressing the results of a 
long set of calculations itself occupies 
half a page of print. This new and 
precise calculation gives just about 
the same absorption (haziness) as the 
old for the ultra-violet, but a good 
deal more in the visible spectrum, with 
a maximum in the green at 5000. This 
is just what is required to clear up the 
discrepancy. Further laborious calcu- 
lations arc required before it can be 
applied to the stars; but the outstand- 
ing discordance will surely be much 


smaller, and may be entirely removed, 
in which case we shall be at last in a 
position to predict what the Sun should 
be like from pure theory — given its 
composition and mass, but having 
never seen it 

\^niLE we speak of the solar spec- 
trum, we may note a recent ad- 
\ atice in its observation. In the remote 
infra-red the spectrum can be detected 
only by the energy which the waves 
carry, and very delicate heat-mea.su r 
ing devices are necessary. 1'he ravs 
must be focused by mirrors, and dis- 
persed into a spectrum by a suitable 
prism Up to wave-lengths of about 13 
microns, or 20 times the wave-length 
of red light, rock-salt is transparent 
and forms excellent prism material 
since large transparent pieces can be 
found in nature Beyond this, it grows 
opaque, anil compounds containing 
heavier atoms must be used Potas- 
sium bromide serves very well ' but 
the crystal from which the prism is 
to be cut must be grown artificially — 
and to get a large, flawless transparent 
crystal demands great skill Worse 
than this, the earth’s atmosphere ab- 
.sorbs certain of these long waves 
very heavily. An enormous absorption 
band due to carbon dioxide and be- 
ginning near 14 microns has, up till 
now, blocked all efforts to get beyond 
it; but, with very sensitive apparatus, 
and a potassium bromide prism. Adel, 
at the Lowell Observatory, has passed 
the barrier. The automatic records of 
his spectrometer show strong evidence 
of radiation beginning at 16 microns, 
beyond the great absorption band, and 
extending almost to 24 microns. This 
new limit is 50 times the wave-length 
of blue light. 

The records show numerous absorp- 
tion bands — cutting off part, though 
not all, of the solar energy — which, 
from their great width, evidently arise 
m the earth’s atmosphere. It is prob- 
able that many of these arise from 
water vapor, for their intensity varies 
with the humidity. If their effect can 
be eliminated sufficiently to find how 
strong the Sun’s radiation would be 
without them, it may be possible some 
day to test theories of the intensity of 
the Sun’s continuous spectrum over 
more than 20 times as great a range 
as is available at present. 

Adel has showm that certain faint 
bands are absorbed by nitrous oxide. 
NtO, and another by nitrogen pentox- 
ide, N*Oa. These must be produced at 
the top of the atmosphere by the action 
of ultra-violet light. If they occurred 
at low altitudes, their psychological ef- 
fects would be conspicuous . — Princeton 
Universitv Observatory, Dec. 22, 1942, 
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Pseudo-Fossil Man 

Not All Human Skulls that Look Primitive Are 
Those of Ancient Primitive Man, and Why 


LOREN C. EISELEY 

Attociof* Frofttior of Anthro|»oloflv, 
Unlvertlty Kohro* 


S OME years ago, when the writer 
was engaged in archeological 
work near a small western town, a vil- 
lager drew him aside and said: “You 
should see Mrs. Jones. She is the 
widow of a doctor who used to collect 
fossils all over this country. She has 
some very wonderful thing.s, and prob- 
ably would be glad to dispose of them 
now.” 

Seeking out the woman, 1 was led 
into a parlor ornamented, in the fash- 
ion of the *90’s, with the usual array of 
sea-shells, baskets, and other odd items. 
Following a proper interval of small 
talk we came around to the subject 
of the interview — her husband’s collec- 
tion. After I had examined and made 
notes upon some items of local interest, 
a pause fell. Looking carefully about, 
and lowering her voice, the woman 
said: “This is not all. I have some- 
thing very, very valuable. I have part 
of the skull of a primitive man.” 

Now, though extinct types of man 
have never been recovered in the New 
World, and the likelihood is that they 
never will be, it is not the business 
of science to make snap judgments 
Mentally expecting no more than some 
odd and misinterpreted fossil, I waited 
while the doctor’s widow eagerly un- 
covered her prize. 

As the last wrapping fell away, there 
was dropped into my hand what I had 
least expected : a human frontal or fore- 
head bone which, without doubt, car- 
ried an extremely massive supra-orbi- 
tal torus, or ridge of bone above the 
eyes, such as is commonly found upon 
the skulls of the fossil men of the Ice 
Age. The rest of the skull was missing. 
Only this massive fragment of the skull 
remained. 

“Where,” said I, my pulse rising 
a point or two, “did your husband get 
this ?” 

“Oh,” said the woman eagerly, “he 
found it buried with that other skull 
you’ve been looking at, in the Indian 
village up the road.” 

At this remark my heart quickly sub- 


sided to normal, if not below. No fossil 
man was going to get himself buried 
in a mere SOO-year old Indian village. 
I had been digging there myself, and 
I knew. Moreover, fossil men are not 
laid out in Indian cemeteries along 
with the bones of the existing species 
of man. I tried, gently, to explain this 
to the widow. 

“But,” she exclaimed triumphantly, 
“look at that forehead. It’s not modern 



Fhefot by Or. O. Ikhofin, coiirtMy 
Am«ri«an MvMwin of Notviw Hitfory 

This skull suggests incipient ocrome- 
goly. Notice portkulorly the helmet- 
like protrusion of the brow beyond 
the root of the nose, ond the mossive 
chorocter of the zygomotic orch 
(the slender, constricted port of the 
cheek bone just forward of the eor) 

My husband said it wasn’t. He was a 
doctor, and he knew. That piece of 
bone is worth a lot of money.” 

The talk shifted. We exchanged some 
pleasantries and I left, albeit wishing 
I might have carried away with me that 
intriguing fragment of frontal bone. 
I knew by then what it represented, 
but it still appealed to me. 

At rare intervals these fragments 
persist in turning up. To some laymen 
they are extremely attractive and, for- 
getting that a fossil type of man is a 
much more complicated structure than 
an individual possessing a supra-orbital 
torus, or brow ridge, of unusual size, 
the 6nder generally visualizes in them 


the primitive European “cave men” 
about whom he has read. So scarce 
are these objects and so infrequent is 
their complete preservation that it is 
very easy to be deceived by them, par- 
ticularly at a time when the discovery 
of the late glacial Folsom culture in the 
United States has made us extremely 
conscious of the possible antiquity of 
man in the New World. If his find is 
not primitive — the layman is h’kely to 
insist vociferously — what in heaven’s 
name can it be ? 

Such specimens of pseudo-fossil men 
can be classified into two general types : 
first, the “normal” individual who 
represents, in one or another feature, 
a more primitive appearance than the 
average for his group ; and, second, the 
individual who, through a glandular 
iisorder, has suffered a marked thick- 
ening of the bony .structure. 

I N CONNECTION with the first, or “nor- 
mal,” type, we may say that in no 
human population are the individuals 
exactly alike. Each person varies in 
his features from what we may term 
the ultra-human or vanguard types, 
to those who, in one or another char- 
acteristics, have retained some indica- 
tion of the more primeval features of 
the earlier men. As Dr. Franz Weiden- 
reich, distinguished authority on fossil 
man, has pointed out, “within each 
group . we may be confronted with 
specimens seemingly anticipating fu 
ture development, while primitive fea 
tures are retained in others.” These 
by no means necessarily imply intel- 
lectual inferiority, but may include an 
odd array of little skeletal variations of 
which only the anatomist has knowl- 
edge. Occasionally, however, out of 
so many thousands of individuals, one 
may show unusually pronounced brow 
ridges or some other feature notice- 
ably striking to the untrained eye. 

The writer can testify that he long 
coveted the skull of an unsuspecting 
colleague who approached close to the 
Neanderthal type in one or two char- 
acteristics of the skull. I say one or 
two advisedly. Viewed in its entirety, 
my good friend’s cranium would have 
deceived no competent anatomist into 
imagining him to be one of our early 
forerunners. If, however, the right 
fragment of his skull — the “primitive” 
part — had been recovered from an 
archeological deposit of some an- 
tiquity, discussion might have arisen. 
Such instances are not unknown here 
in America, and more than one well- 
intentioned student has gone off the 
deep end in favor of some very ancient 
form of man having existed in the New 
World, only to suffer humiliation later. 
The second type of pscudo-fo.ssil man 
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— the glandular disorder type — repre- 
sents an anatomical condition which 
may also contrive to trick the unwary 
archeologist. In this case we are deal- 
ing with a glandular disorder of the 
pituitary, a small gland at the base 
of the brain whose secretions control 
the course of human growth. This dis- 
ease, known as acromegaly, overstimu- 
lates bone growth and, over a period 
of years, causes a great coarsening and 
thickening of the bones of the skull, 
particularly in the region of the brow 
ridges, cheek bones, and other portions 
of the facial structure 'fhe result is to 
lend the face a somewhat l)estial and 
primitive appearance which is even 
more pronounced iti the skull 

'Phere are degrees of intensity of 
affliction with this disease, and varia- 
tion in its anatomical elTects. Tn gen- 
cial, however, it has U)ng been recog 
nued that the skull, under this unusual 
stimulation, tends in a certain degree 
to simulate, in portions of its structure, 
anatomical traits of the primitive past 
of mankind. Indeed, so distinguished 
an anatomist as Sir Arthur Keith has 
suggested that man still carries within 
his body, and ordinarily regulated by 
a well-controlled pituitary, the biologi- 
cal mechanism which produced the 
physical structure of his early fore- 
runners 

QE THAT as it may, however, this rare 
^ disease, scarcely ever identified 
archeologically, is well worth consider- 
ing as a possible explanation for un- 
usual skulls from recent deposits 
Moreover, in its milder stages, it may 
be difficult to distinguish skeletally 
from a case of extreme normal varia- 
tion. 

The skull featured in the first photo- 
graph was collected from an early site 
in the Southwest, along with many 
other perfectly normal individuals, 
rhere is nothing mysterious about it. 
It is something over a thousand years 
old, and its associates were all per- 
fectly normal Indians of that place and 
time. Yet this skull in many of its fea- 
tures is a remarkably rugged and 
“stone age” specimen of man to be en- 
countered among American Indians, 
most of whom, incidentally, are by no 
means effeminate in skeletal structure. 

Unfortunately, the bones of the body 
of this specimen are gone, so that we do 
not have them as an added check on the 
pathological nature of the skull. Fhe 
latter has been slightly crushed. Be- 
cause of the fragile nature of the bone, 
complete restoration has not been at- 
tempted. Neverthele.ss the general effect 
is plain ; great size, ruggedness, and 
measurements which are very large. 
'Phi.s skull was found in an area now 
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being combed for traces of late glacial 
man, and I shudder to think what ex- 
tensive essays might have been written 
upon that porching frontal bone if it 
had ever washed out of some con- 
venient river bed or gravel deposit. 

The skull is still not in what might 
l)c termed an advanced state of tht‘ dis- 
ease. Nevertheless an excessive heaping 
up of porous vascular bone on the 
edges of the tooth-bearing portion of 
the upper jaw, and a chalky and spongy 
bony texture, are very suggestive of 
acromegaly. The brows contain huge 
air sinuses and the condition of the 
sutures of the skull suggests unusually 
early closure. Notable, too. is the hi- 
canine index of this specimen 

This index, expressed as a percent- 
age, indicates the width between the 
two canine, or “eye teeth,” as compared 
to the width as measured across the 
maximum expanse between the molars. 





A high index is a sign of primitive- 
ness because the primitive or anthro- 
poid jaw is more U-shaped or rec- 
tangular, and hence the canine teeth 
are almost as far apart as the molars. 
On the other hand, due to the more re- 
tracted and curving palate of modern 
man the index is much less in the lat- 
ter. In the anthropoid apes, the index 
ranges in the high nineties, or even to 
100 or over. In modern Europeans, 
it ranges in the low sixties. In the 
powerful and anthropoidal Rhodesian 
man, the index is 68 percent. Our speci- 
men has an index of 68.5, indicating 
a wide primitive muzzle. As a matter 
of fact, the bicanine width is 48 mm , 
which is much beyond the average. It 
IS interesting in this connection to note 
that in acromegaly there is sometimes 
a tendency for the “eye” teeth to ad- 
vance slightly in position and be more 
directly in line with the incisors, thus 
creating a wider, more primitive arch. 


If, however, one has access to the 
whole skull, as in this unusual speci- 
men, there should be nothing deceptive 
to the trained eye. It is not really 
primitive. Phe brain case is capacious, 
and the face, though formidable in its 
ruggedness, is that of our own species. 

It is important to remember that 
none of our human forerunners is ever 
completely imitated by either patho- 
logical or normal variation. In the case 
of disease, the bone betrays evidence, 
not of primitive strength, but of ab- 



Left and above: Front and tidt view 
of the shut! of o notive of New Bri- 
toin (northwest of the Solomon 
Islands). This individual is markedly 
voriant toward the primitive, but not 
in 0 potholopicol monner. Note heovy 
development of the brow ridge, which 
IS striking, even when it is seen in this 
somewhot orchoic group of people 

normality. Moreovei, the spurious 
primitiveness will tend to be local- 
ized and asymmetrical. One never gets, 
for example, the lack of the chin emi- 
nence so characteristic of the sub- 
human remains. On the contrary, in 
acromegaly the chin eminence may be 
pronounced In the case of extreme 
normal variation of an atavistic nature 
the duplication is also not complete, 
but generally confined to a single char- 
acter. 

Such specimens as we have discussed 
remain as an emphatic scientific warn- 
ing against easy and popular supposi- 
tion. This is not to say, when you re- 
move a curious and exciting skeletal 
fragment from its ancient resting place, 
that it should be casually dismissed. 
But before letters are written to 
authorities or dramatic announcements 
made to the newspapers, m«^ke sure 
that your prized, and in any case in- 
teresting, specimen is not that of a for- 
gotten acromegalic, or an extreme case 
of normal variation toward the primi- 
tive. Th^ search for fossil man is more, 
far more, than a search for skulls with 
big brow ridges. 
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Simon Lake, Submarine Genius 

The Early Struggies of the Man Who Laid the Foundation 
for the Science of Underwater Travel 


HARLAND MANCHESTER 

A bout 45 years aj^o a wild-eyed 
i fisherman staggered into a Vir- 
ginia country store shouting that the 
Devil was after him . he had been 
peacefully fishing on the Rappahannock 
River when he saw what appeared to 
be a buoy, floating upstream against 
the laws of Nature Then with a clap 
of thunder and a smell of brimstone, a 
bearded, red-capped T.ucifer rose up 
from the waves. 

The quaking man went home and the 
hamlet’s theological experts gathered 
around the cracker barrel to debate 
the revelation. Then the door opened 
and in came^Simon Lake, intent on 
stocking the larder of his newest sub- 
marine, the Argonaut I. Hearing the 
story, he returned to his boat and 
quickly submerged. Some of those river 
men arc good shots. 

It didn’t surprise Simon Lake to be 
mistaken for the Devil. He was accus- 
tomed to the superstitions and preju- 
dices he has been combatting all his 
life. People in his home town in New 
Jersey smiled and made circles at their 


heads when he passed, and Washington 
naval experts bluntly told him that the 
ocean-bed trips he was making every 
day simply could not be done. I'hey 
cited facts to prove it. But he went 
ahead doing the impossible, and, to 
make himself even more ridiculous, he 
claimed that these crackpot craft of 
his would be a major weapon in future 
wars,, that you could blockade coast- 
lines with them and sink shipping, that 
one of them could knock out a battle- 
ship ! 

As a red-headed, 14-year-old boy of 
Pleasantville, New Jersey, with little 
schooling and a hearty dislike for 


A wetk-drowina, reproduetd from Sci- 
entific Americon for January 1898, 
sho¥riiig the Argonaut on ocean bot- 
tom. Note diver, seorchlights, mosts 

classroom discipline. Simon Lake 
read Jules Verne’s Twenty Thousand 
Leagues Under the Sea. Tt kept him up 
all night and launched him upon his 
career. ITc immediately began planning 
a boat that would realize Verne’s 
dream, and ever since that day in 1880 
he has been constantly designing sub- 
marines and devices to improve them 

All the Lakes were inventors. Grand- 
father Lake invented a seed-planting 
machine, Father Lake a window-shade 
roller, Cousin Vincetit a typewriter, 
Cousin Isaac Risley a printing device, 
and Ira a telephone Uncle K/ra, a 
minister, built a flying machine and 
tried, without success, to fly it from 
one gallery of his church to the other 
None of these New Jersey Lakes was 
dismayed by the unknown, or cared a 
rap if the neighbors thought him crazy 
They were as ready to build an air- 
plane or a submarine as they were to 
fix a door-latch, and if Simon had 
planned a rocket ship to fly to the 
moon, they would have listened with 
respect. 

When the town fathers voted to 
build a road across the marshes to 
Atlantic City, then virgin terrain, the 
horses got mired to their bellies, and 
It seemed impossible to continue. Btit 
Uncle Jesse Lake took an old-fashioned 
horse treadmill, turned it upside down, 
mounted an engine on it, and thus 
created an endless-tread tractor to do 
the job. He later refused a large sum 
for his patent. Money never meant 
much to the Lakes Jesse also invented 
a mowing machine which he sold to 
McCormick, a whistling buoy, and 
practical joke gadgets Taking a fancy 
to Simon, Uncle Jesse brought him 
into his foundry and taught him to use 
tools. That shop vvas Simon Lake’s 
university. 

Bushnell, Fulton. Holland, and others 
had built under-water boats of sorts, 
but they were unreliable affairs that 
killed many of their crews, and Lake 





A vi«w of Hie Argonaut, alto from Scientific Americon, showing engines, 

cobin, storage batteries, wheel -operating mechanism, and the oir lock for divers 
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was convinced that they were wrong 
in principle. Most of them dove head 
first. This often piled the crew up in 
the prow of the boat, it made navi- 
gation a matter of chance; sometimes 
the boat stuck its nose in the bottom 
and remained there permanently. Lake 
planned an “even-keel submersible,” 
one which, by means of projecting 
vanes fore and aft, would retain its 
horizontal position while submerging 
and while submerged. This principle 
is now used on all submarines 

THAT was only one of the problems 
* which this boy in his teens solved in 
the years of hard work before he actu- 
ally built his first submersible boat 
Science in those days could throw little 
light on the things f.ake needed to 
know iHir instance, how much air 
docs a man need to live on ^ Lake asked 
university professors, but no one could 
give him the answer. So he built a 
large, air-tight, wooden box and cooped 
himself up, watch in hand, to find out 
how long he could stand it From these 
tests he found that he needed 15 cubic 
feet of air per hour, and he has used 
that figure ever since 

He heard that at Johns Hopkins 
Hospital bad air was exhausted from 
the contagious ward through little 
holes in the floor. This must mean that 
bad air is heavier than good air, he 
decided, and again shut himself up in 
his box to prove it. He lit matches, 
raised and lowered them, and as the 
minutes ticked by, noted the heights 
at which the flame was smothered by 
the rising level of exhaled carbon 
dioxide. As a result, his plans provided 
for the forced exhaustion of bad air 
through the floor of his submarine 
compartments. 

In Jules Verne’s fictional Nautilus 
there was a compartment through 
which divers could emerge to investi- 
gate the ocean bed. Lake decided that 
he needed an under-water exit in his 
submarine It was a little matter of 
opening a door on the sea and at the 
same time keeping the water out. Lake 
was thinking it over one evening when 
his eyes fell on an old powder horn left 
by a pioneer ancestor. The horn had a 
small measuring compartment near the 
tip. When this space was full of pow- 
der, an inner valve closed, and the 
outer one could be opened to pour the 
correct charge into the musket barrel. 
Lake saw the answer to his problem 
in a flash, and hastily blocked out plans 
for his submarine ‘'air lock.” It was a 
small, air-tight room with two doors, 
one opening into the interior of the 
boat; the other, a trap door, opening 
to the sea. ^le could enter ^he room, 
release compressed air until the pres- 
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sure was high enough to keep the water 
out, then open the sea door. Crews 
could collect oysters and crabs through 
the open door, or don diving suits to 
salvage wrecks or look for mineral 
deposits. To Lake, this sea-bed exit 
was one of the most important features 
of a submarine, for he planned the boat 
for peacetime commercial use, not as 
an engine of destruction 

For 12 years Simon Lake put in his 
evenings and odd moments planning his 
submarine. Meanwhile he earned an 
ample living working in the family 


No one understood his ideas but the 
other Lakes, and it was a member of 
the family who came to his rescue in 
the fall of *94. His Aunt Annie Cham- 
pion, who had some money put away, 
asked him how much it would cost to 
build a kind of small “sample” sub 
marine, and his cousin, Bart Cham- 
pion, said he would help him build it. 

Lake accepted Aunt Annie’s offer, 
and he and his cousin spent a happy 
winter building a tiny submarine out 
of “spit and string.” He has turned 
out many powerful sea monsters since 



The Protector, Scientific Americon, December 1903. She potted pruelling fetft for 
the United States, but wos rejected. Russia bought her for use in horbor defense 


foundry, and from inventions that were 
more immediately remunerative. For 
example, his safety device for wind- 
lasses on oyster boats, which prevented 
the crank handle from spinning back- 
ward and killing the operator, sold well 
In 1892 the Navy, aroused at last to 
the value of the submarine, advertised 
for bids. Here, I^ke thought, was a 
chance that the Argonaut, the nanu* 
which he had given to his “paper” 
submersible, would be built. 

In high spirits he took his plans to 
Washington. But he had never heard 
of scheming lobbyists and indifference 
in high office. They let him cool his 
heels for two days, then curtly dis- 
missed him after a brief interview. On 
his second try, the Naval Board of 
Construction approved his plans, but in 
those days the final decision concerning 
types of vessels to be built lay with 
Congress. Lake’s rivals had money, 
influence, and political acumen. Lake 
lost out, and $200,000 was spent in 
building a Holland “diving- type” sub- 
marine which never performed satis- 
factorily. 

Determined to build his submarine 
and prove his case, Lake went to Wall 
Street in search of a backer. But a 
crank had just tried to kill Russell 
Sage, and when the shock-headed 
stranger talked about a boat that 
would roll on the bottom of the sea like 
a tricycle, the men of money turtied 
pale and called their secretaries. Lake 
went home empty-handed. 


that time, but the building of the 14- 
foot Argonaut, Jr. was the greatest 
adventure of his life. She was a stubby, 
box-like craft covered with two layers 
of pitch-pine, with canvas between, but, 
because of the limitations imposed, she 
lacked many of the refinements of 
Lake’s planned submersible. She had 
tanks which could be flooded with 
water to off.set her buoyancy so that 
she would sink, - rhere were three 
wooden wheels on the bottom ; a front 
one for steering, and two rear ones 
driven by a crank inside which was 
turned by manpower. Lake’s cherished 
idea, the air-lock, with its trap door 
opening to the sea. was built into her 
stern. There was an old soda fountain 
tank ior compressed air to hold back 
the water when the sea door was open . 
this was filled by a second-hand 
plumber’s pump. Air for breathing 
came through a pipe from a buoy on 
the surface, and as a final touch, there 
was a small gasoline stove for cooking 
fish speared through the trap door 

THE launching of the Argonaut, Jr., 
■ in 1895, was an event comparable to 
the Wright brothers’ first flight, yet the 
world gave no heed when the two men 
trundled the crude ark to the Shrews- 
bury River and wagered their lives on 
Simon Lake’s calculations. Every- 
thing worked according to plan. They 
screwed down the hatch, flooded the 
tanks and sank to the bottom, then 
cranked the machine across the river 
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A kiter Lakt invtiition. Th« Sxplonnt, 1932, d commercidl tubtitdrint dtsigned for 
•dWog# opdrotions. She was equipped with grab buckets on the end of lozy tongs 


bed and back to the starting point 

That summer they had more fun than 
Huckleberry Finn with his raft. They 
poked around the bed of New York 
Bay for sea food, and Lake went 
through the sea door in a home-made 
diving suit to explore the bottom. 
They gave an exhibition for the town 
fathers, who couldn’t quite believe that 
they actually gathered oysters from 
below. So the dignitaries signed their 
names to a weighted shingle and threw 
it in the river, and the submarine 
pioneers went down and retrieved it 

A LTHOUGH the little Argonaut, Jr, 
^ was a practical submarine, few 
people took it seriously, the press 
viewed it with amusement, and Wash- 
ington remained officially incognizant. 
But a few informed people came to 
Lake’s aid with funds to build an all- 
metal, gasoline powered boat, launched 
in 1897. This was America’s first suc- 
cessful full-sized submarine. It went 
through its trial runs with flying colors, 
and rode out the roughest of storms. 
It attracted attention all over the world, 
and was the precursor of today’s pow- 
erful submarine cruiser. 

During the Spanish-American War, 
Lake had taken to New- 

port News and had &ily located the 
harbor mines. He told a naval author- 
ity what he had done, and showed how 
easy it would be for a submarine like 
his to put mines out of action and cut 
telegraph cables. He was told that 
what he said he had done was impos- 
sible, and that if he did it again he 
would be thrown in jail! Lake de- 
clared that he would never go to Wash- 
ington again until they called him, and 
turned the Argonaut oyer to commer- 
cial work in salvaging sunken cargoe*;. 


Fully aware that his boat was by no 
means perfect. Lake worked out im- 
provements with his limited funds, and 
drew up plans for larger and better 
submarines. Working at his Bridge- 
port plant in 1900, he quickly saw what 
other experimenters were discovering, 
that a submarine must be able to see 
above the surface while submerged. 
He went to optical firms and asked 
them to make some sort of tube with 
lenses which would serve the purpose 
They declared flatly that it was impos- 
sible. Lake had heard that word so 
many times that it had no meaning, so 
he bought a miscellaneous assortment 
of lenses, found a craftsman who could 
make optical equipment to his order, 
and began to experiment. He built a 
tube-like box and stuck the end out of 
his office window, then adjusted the 
lenses in various positions in an attempt 
to get a view of the street. It was no 
mere matter of bending light around a 
corner. Lenses of the correct focal 
lengths had to be fixed at precise points 
in the tube to relay the image to the 
eyepiece. His chance of success was 
little better than that of the fabled 
monkey of writing a book by hitting 
typewriter keys at random, but after 
several months and hundreds of experi' 
ments, he finally looked in the tube and 
saw a clear view of the street. Then 
he went to lunch, it started raining, 
and the office boy pulled in the tube and 
jumbled up the lenses. Despairing of 
ever passing another miracle, Lake 
went to a Johns Hopkins expert and 
posed his problem. The expert said it 
was impossible. 

'*But Fve already done it,” said Lake. 

”In that case,” said the profe.ssor, 
”give me all the data yon have and 
I’ll see what T can do ” 


In about a week he found the answer 
and Lake had his periscope. 

Meanwhile, the government was 
awakening to the need for submarines 
and, in 1901, Lake was called to Wash- 
ington. High officers in the Navy, 
scornful of the Holland vessel that 
Congress had paid for, urged him to 
build a better one. There was no 
appropriation, but the officers promised 
to do their best to secure adoption. 
Lake raised money from his stock- 
holders to build the 65-foot Protector, 
designed for coast defense. Work was 
stopped when a rival firm sued him for 
libel and attached his plant, but he 
hacked his way out of the difficulty and 
finished the boat. He called on William 
Howard Taft, Secretary of War, and 
1’aft promptly sent three Army officers 
to see the boat in action. 'I'be Protector 
passed gruelling tests. She submerged 
for ten hours, she navigated under the 
ice, and she simulated the laying of 
mines. The investigating board made 
an enthusia.stic report but the bill was 
killed in Congressional conference. 

pussiA and Japan, then at war, were 
both interested A patriotic man, 
Lake did not wish to sell the weapon 
to a foreign power, but it was the only 
alternative to financial ruin. He chose 
Russia, and the Protector, hoisted to 
the deck of a freighter and covered 
with tarpaulins, was quietly shipped 
abroad. Her inventor followed, and 
spent seven years building submarines 
for the Russian government. 

Lake’s stay abroad shaped history in 
a manner that he could not foresee. 
Krupp, the German arms firm, exam- 
ined Lake’s plans and offered him a fat 
contract. Then they discovered that 
Lake’s patents were not protected in 
Germany, and tore up the contract 
Admiral von Tirpitz had talked with 
Lake and conceived a plan for offen- 
sive submarine warfare, and Lake’s 
patents were legally stolen to build 
Germany’s U-boat fleet. 

By this time Lake’s fame as a sub- 
marine builder was international, and 
he thought that his own country would 
finally recognize his ability. He had 
plans for an improved submarine, and 
built it at Newport News with some 
Navy encouragement. But the answer 
was still ”No.” England and Russia 
fought for the boat, and Russia won. 
Lake then promised the United States 
Navy the fastest and most powerful 
submarine in the world. He would 
built it with his own money, and if it 
didn’t make good on all his claims, the 
Government could have it for nothing. 
The 161-foot Seal, launched in 1911, 
quickly made world records The ice 
was broken at last, and l.ake was given 
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contracts for five more boats. With 
World War I, he came into his own. 
In his shipyards at Bridgeport and 
Long Beach, California, he built more 
than 40 submarines for the government 
which had so long rejected him. 

Simon Lake has excited public im- 
agination for almost five decades, and 
many people will be surprised to learn 
that he is still alive. He is as full of 
ideas as ever. A great-grandfather at 
76, he is hard at work on an experi- 
mental project vital to the war. One 
eye is* habitually closed, the result of 
years of squinting through periscopes, 
and he takes his time climbing stairs, 
but after a day at the plant and a 
half-hour for dinner, he fortifies him- 
self with a handful of cigars — ^his only 
indulgence — and works over plans until 
midnight. 

This obsession with machines per- 
sists in his progeny. A son, Thomas 
Alva Edison Lake — named for an old 
friend — and three grandsons carry on 
the Lake tradition as engineers. They 
have all had more technical training 
than the patriarch, but they have great 
respect for his way of cutting through 
a problem. 

There is a common impression that 
the submarine has reached its peak, 
but Lake shakes his gray shock and 
declares that the boat is in its infancy. 
He still preaches commercial sub- 

TENT 

With Fletr For 
Maximiiai Frotoetifii 

SPECIAL pup tent equipped with a 
built-in floor has been developed for 
mountain troops. It will offer protec- 
tion against mojjquitoes and other in- 
sects and furnishes ample protection 
against rain, bliz/ards, and wind ve- 
locities up to 75 miles an hour. Where- 
as the regulation pup weight 14 to 15 
pounds and is made of canvas, the 
newcomer, complete with poles and 
pins weighs only seven pounds and is 
made of a featherweight nylon cloth. 
Two men can sleep with ample room, 
and in an emergency, three soldiers can 
be bedded down for the night . — The 
Army Officer. 

TELEPHONE ALARM 
Used te SiMHiMi Alr-RiM 
Wardtii from Workoboo 

An ‘'Electric Sentry’' is now on air- 
raid service in at least one home, that 
of Mr. F. Dickie, of Los Angeles, to 
bring warning of phone calls, which 
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marines, and will not consider his life 
work complete until he has proved their 
value to the world. Recently he pro- 
posed a fleet of cargo submarines of 
7500-ton capacity as a means of solv- 
ing the shipping shortage. He says 
they can be built as cheaply as tankers, 
will cost less to operate because of 
elimination of wind resistance and the 
buoyant effect of the water, and can 
easily escape raiders by submerging 

In his early days, Lake used the 
Argonaut to recover coal and other 
cargoes from sunken vessels at a profit, 
and later he built equipment to recover 
the gold of the sunken Lutine in the 
English channel, a project which was 
shelved in favor of building the Seal. 
He has maritime charts on which 
black dots marking sunken ships turn 
the ocean into caviar, and predicts that 
much of this vast store of lost wealth 
will sometime be redeemed by under- 
water wrecking boats and that rich 
undersea deposits of gold, platinum, 
and radium will be mined by submarine 
Underwater oil wells have already been 
drilled off the California coast. Lake 
has a plan for recovering ocean-bed 
petroleum by submarine, and declares 
that as oil becomes scarcer, his method 
will be adopted. 

Of course there are experts who will 
call these things impossible, but Simon 
Lake never understood that word. 


might be in connection with air-raid 
duties. 

Mr. Dickie, as an air-raid warden, 
is subject to call at any time. He is 
also an enthusiastic home workshop 
fan given to spending most of his even- 
ing hours in his shop, which is to the 
rear and quite remote from his home 
His was a problem of having phone 



An nver-reody tAntintl for tht worden 


calls come to his attention in his shop 
when other members of the family are 
absent from the house. 

The problem was solved by installing 
the transmitting end of a Zenith Elec- 
tric Sentry in front of the phone bell 
and by plugging in the receiver end in 
the workshop Now, when the phone 



Tronsmitter ot tht btll-box 


rings, Mr Dickie immediately hears 
it and can hasten to the house to take 
the call Also, when he goes to visit 
his next door neighbors he need only 
take the receiver end along and he can 
keep an ear on his phone bell the whole 
evening long. 

No wiring is required with the Elec- 
tric Sentry, it only being necessary to 
plug the units into the house light 
sockets for satisfactory operation. 


DOPE — ^The some chemicol, cellulose ocetote, 

which, used os o '"dope,*' gove toutness, 
resiliency, ond strength to wing fobric on 
comporotively flimsy oirplones of World Wor 
I, now is the tronsporent plostic which of- 
fords protection ond clority of vision to 
flyers in their sturdy troining plones ond 
gliders of 1943 

• • • 

DIESEL CRANKSHAFT 
iRduettpH Hardenod, Sttt Eomarkalile 
Etegrd for Woor Rttitfaiicf 

An example of the value of harden- 
ing metal by electrical induction was 
recently demonstrated when the vital 
parts of one of the world’s fastest 
“streamliners” were inspected after the 
locomotive had piled up a million miles 
of service. 

In checking the engine parts, the 
wear on the crankpins was found to 
be only .001 inch, even though the 
train had traveled a distance equivalent 
to forty times around the world. Ac- 
cording to metallurgical experts, this 
unusual record was made possible be- 
muse the crankshafts of the engine 
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A hug# Diesel cronkshoft set up tor inductioe kordening 


were hardened by an electrical induc- 
tion process introcluced by The Ohio 
Crankshaft Company of Cleveland 

In order that the crankshaft may 
stand up under the tremendous pres- 
sure exerted by the locomotives 12 
cylinder, V-type, Diesel engine, the 
surfaces of the bearings and crankpins 
were selectively hardened by the Tocco 
process, providing accurate control of 
depth, width, and structure of the 
hardened area. 

INDISSOLUBLE 
PiMtio Dtvtigptd, Hit Higli 
AbriiioN RMittiRM 

Oevelopment of an entirely new 
transparent plastic having many times 
the abrasion resistance of other clear 
plastics was announced recently, but, 
because of priorities and other restric- 
tions, this new plastic is not yet in 
commercial production, and is not ex- 
pected to be available for any but ex- 
perimental purposes for months. 

The new plastic, called C, R. 39, is 
one of a group of resins resulting 
from many years of research activity 
by the Columbia Chemical Division 
of the Pittsburgh Plate Glass Com- 
pany. Its properties are such that it is 
in numerous ways far superior to 
similar products now in use. It does 
not dissolve in acetone, benzene, tolu- 
ene, alcohol, gasolyjc, or any of the 
common solvents. 

Its resistance to abrasion is 10 to 
30 times greater than other clear plas- 
tics. It retains its shape even when 
exposed to high atmospheric tempera- 
tures and can be formed into large 
sheets, either clear or laminated, by 
the application of extremely low pres- 
sures. In transparent sheets its 
strength, weight, clarity, and impact 
resistance are comparable with other 
transparent resins. 

In its primary form C. R. 39 is a 
clear, low-visco<5ity liquid which, in 
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the presence of a catalyst and heat, 
hardens into a crystal-clear solitl 
Flayers of fabric, paper, and the like 
can be impregnated with the liquid 
material and cured under low pressure 
to form sheets or shaped objects with 
a minimum of expense for tooling. 
Ordinary plastics used in this way re- 
quire pressures of from 50 pounds per 
square inch to many tons to produce 
a suitable laminated material. 

Since C. R. 39 is thermosetting and 
releases no gaseous or liquid by-prod- 
ucts when curing, it opens up a broad 
new field of plastic applications not 
satisfied by any other resin. Large flat 
sheets and intricate three-dimensional 
shapes can be made with ease 

ELECTRIC BRAKE 

Ngw Uttd on Qiirs» 

Traotorti Mnohlnot 

An electric friction brake came into 
being just before the rumble of war in 
Europe; it was just arousing interest 
among technicians when the demands 
of war put it to an even more severe 
test than anything that would have 
been accomplished in civilian life. 

Present and continuing research with 
this brake is showing its value in many 
ways. It is being used on large anti- 
aircraft gun carriages, on self-powered 



Inforior of olocfric broko. End of 
mognof fkows of o disk of toff confer 


ditch diggers which run on tractor 
treads, and on injection plastic molding 
machines. On the anti-aircraft gun car- 
riage it makes the carriage independent 
of its towing tractor or truck for 
breaking power; on the ditch digger 
steering is by means of breaking the 
treads and, with the electric brake, 
is accomplished with no physical effort 
on the part of the operator; on the in- 
jection molding machine the brake 
holds the plunger against 50,000 pounds 
of pressure where other brakes have 
failed. 

The simplicity and effectiveness of 
this new electric brake, eddied the 
magdraulic brake, is due to the design 
of the operating magnet, a unit so care- 
fully conceived that only a small 
amount of current is needed to operate 
the brake. 

1^'unctioning of the magdraulic brake 
is simple. When the magnet, shown in 
one of our photographs, is energized, 
it tends to draw itself toward an arma- 
ture plate fastened rigidly to the brake 
drum, and the drum tends to drag the 
magnet with it. The resulting move- 
ment operates a cam which expands the 
.self-energpzing brake shoes. Control of 



Electric broke on ditch digger. Drum 
of lower right, controls left center 


the amount of braking is through a 
simple manual or foot operated rheo- 
stat. 

The amount of current drawn by the 
electric brake is on the order of one 
ampere for installations such as would 
be used on the average passenger car ; 
for heavy trucks and trailers up to 
two amperes are used 

CREEP 

Of Mntalt Mtitnrgd 
by ElMtrgnlot 

An electronic lobot, including a 
photoelectric cell, now measures the 
rate at which metals flow when heated 
and stressed in the General Electric 
Research Laboratory. Not only does 
this release for other important work 
the attention of a man who formerly 
watched the metal sample through a 
microscope; it also is more sensitive 
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What did you do today 
... for Freedom? 

Today, at the front, he died . . . Today, what did you do? 
Next time you see a list of dead and wounded, ask yourself: 
“What have I done today for freedom? 

What can I do tomorrow that will save the lives of 
men like this and help them win the war?” 


To help you to do your share, the Government has organized the Citizens Service Corps 
as a part of local Defense Councils, with some war task or responsibility for every man, 
woman and child. Probably such a Corps is already at work in your community. If not, 
help to start one. A free booklet available through this magazine will tell you what to do 
and how to do it. Go into action today, and get the satisfaction of doing a needed war job well ! 

EVERY CIVILIAN A FIGHTER 


CONTRinVTED RY THE MAGAZINE P U B L I S E E R S OF AMERICA. 
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For Flying Fortrost flyori. Comptote, OYon to toil 


than any human observer and more 
reliable. It watches all day without 
ever getting tired. 

These measurements of the “creep’' 
or flow of materials are being made 
by Dr. Saul Dushman, assistant direc- 
tor of the Laboratory. Since a steam 
turbine, for example, operates with 
greater efficiency the higher the tem- 
perature, metallurgists try to create 
alloys for parts which will hold their 
shape under high stress and the great- 
est possible operating temperatures. 

Some time ago Dr. Dushman de- 
scribed an accelerated method for 
making creep tests. The usual tests use 
a bar of the sample metal, which is 
heated in a special furnace to the range 
of operating temperatures, or 800 to 
1400 degrees, Fahrenheit, Such tests 
may require months to complete. The 
new method uses a thin wire of the 
metal, and passes an electric current 
through, to heat it to perhaps 2000 
degrees, Fahrenheit. This wire is en- 
closed in a glass cylinder, which pro- 
tects it Irom air currents, and even 
permits the tests to be made in an 
atmosphere of nitrogen, thus prevent- 
ing rusting from the oxygen in the 
open air. A weight is attached to the 
wire. Through a microscope focused 
on the lower end the observer for- 
merly watched and measured the slow 
stretching, as much as one half of one 
percent an hour. Data are obtained 
much more rapidly by this method 
than formerly. 

To make the measurements auto- 
matically, J. T. Mireles Malpica de- 
vised the robot, and the apparatus now 
used was constructed by Eric T. Asp, 
of the Research Laboratory. 

The principle may be demonstrated 
with a flashlight and two combs. Hold 
one comb over the lens of the flash- 
light, and you can shine a spot of 
light <m a nearby wall. Now hold the 


other comb over the first, close to it 
with the teeth parallel, and move the 
second comb very slowly. When the 
teeth of one cover the openings of the 
other, the light is cut off. Put when 
the second comb moves the width of 
a tooth, the clear spaces are lined up 
and light passes through. If the flash- 
light and first comb were firmly fixed, 
and the width of the teeth and open- 
ings were known, it would easily be 
possible to measure the movement of 
the second comb merely by counting 
the alternations of light and dark. 

This is exactly what Mr. Malpica 
did. A light shines through a glass 
grid, ruled with hoiizontal black lines, 
each 1/250 of an inch wide and the 
same distance apart. Attached to the 
bottom of the test wire is another such 
grid, nearly in contact with the first. 
A lens forms an enlarged image of 
these grids on the surface of the photo- 
cell. A very sensitive meter, in which 
electronic tubes are used, makes in 
ink on a moving strip of paper a record 
of the changes in current from the 
photocell, hence in the changes in 
brightness or the movement of the 
second grid. In this way it is possible 
to measure accurately an extension of 
the wire as small as 1/10, 000th inch. 

FORTRESS RAFT 
Previdfs Saftty EggIgmMt 
Far Forogd*DgwR Flytrt 

An improved seven-man rubber life 
raft which will give aviators forced 
down at sea greatly added protection 
and comfort, including a square rigged 
sail, was designed by the Equipment 
Laboratory of the A.A.F. Materiel 
Center, Wright Field, working in col- 
laboration with the United States Rub- 
ber Company, will be put into use on 
our Flying Fortresses. 

Numerous improvements, both in 


construction and equipment, grew out 
of the experience of those who have 
been rescued at sea after spending 
weeks in inflatable boats. The new de- 
sign not only gives more space, but 
makes the boat less tippable and more 
sea-worthy. A fabric sea anchor will be 
used to keep the nose of the boat into 
the wind and thus reduce the possibility 
of tipping caused by heavy seas. 

Two ten-foot lengths of rope are tied 
on opposite sides of the boat to aid in 
“righting” the raft if it inflates wrong 
side up or is overturned. A horizontal 
bulkhead divides the boat into upper 
and lower chambers so that the entire 
boat will remain inflated though 
pierced by a shark or other object from 
the bottom. A sail is provided as well 
as a tarpaulin with which the crew can 
protect itself from the elements. 

Beside the sail and wooden oars on 
which the sail may be rigged, equip- 
ment includes a fishing kit, emergency 
repair and signal kits, and first aid 
equipment. These items, together with 
concentrated rations for 30 days, and, 
in some boats, a radio sending set, sup- 
plied by the Army Air Corps, will be 
placed in a special waterproof con- 
tainer secured to the floor of the boat 
Thus they cannot be lost when launch- 
ing the boat or in case it is overturned. 

Dimensions are approximately 12 
feet long and S feet 8 inches wide, and 
weight, complete with equipment, is 
only 70 pounds fhe Ixiat deflated with 
equipment rolls into a carrying case 3 
feet long by 1 feet in diameter. Like 
all Army boats for rescue at sea, the 
top is orange-yellow for quick visibility 
and the bottom is blue to avoid attract- 
ing sharks. 

QOQQLES 

Of Yarlout Typtt far 
Army and Navy Utat 

New types of eye-protection goggles, 
one of which permits naval observers 
to look directly at blinding sun and 
spot dive-bombers, are now reported 
to be conserving and .sharpening the 
eyesight of America’s embattled sol- 
diers, sailors, and fliers. Designed at 
the request of the Army and Navy, 
hundreds of thousands of the new war 
goggles are being produced by the 
American Optical Company, special 
lenses in the goggles making them 
suitable for different military pur- 
poses. 

One of the goggles, equipped with 
glare-reducing lenses that absorb in- 
visible ultra-violet (sunburn) and 
infra-red (heat) rays, is used by the 
Navy for observation purposes and 
to spot planes, especially dive bombers 
obscured by the sun's rays. Another 
type is fitted with special lenses which. 
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in addition to blotting out reflected 
glare, can he rotated by hand to ex 
elude as much light as desired. 

Another goggle is made with clear 
unbreakable plastic lenses and these 
are worn by sailors exposed to cold 
weather, wind, and flying spray. A 
fourth type, for ski troops, is fitted 
with lenses that screen out reflected 
glare — and also the ultra-violet rays 
which may cause snow blindness. 

h'or mechanized troops, goggles 
with unbreakable plastic lenses have 
been designed, and these protect eyes 
against dust, wind, and glare. A sixtli 
type for Army and Navy fliers has pre- 
cision-ground absorptive glass lenses 
which permit accurate flying, bombing, 
and sighting. 

Lenses of most of these goggles are 
inserted into soft rubber cushions that 
fit exactly around the eyes. These rub- 
ber masks protect eyes against dust, 
wind, or water. 

• • • 

PAINT AND WAR — ^The inside of o combot 

tonk is pointed white to help the crew 
see better, bombs ond shells ore finished in 
different colors for instont identification, ond 
zinc yellow priming coot is used insteod of 
red leod on oluminum olloy metol surfoces, 
porticulorly those coming in contoct with 
solt woter, such os seoplone pontoons. 

• • 0 

CIVILIZATION’S END 
Seen If Spirit Fails to 
Keep Pace With Science 

//I I 

U M Kss man uses his reasoning 

powei to keep pace spiritually with me- 
chanical developments, our civilization 
can disappear as other civilizations 
have,” James F. Lincoln, President of 
riie Lincoln Electric Company, said 
in a recent address 

“\Vc all recognize that technological 
advance has had a profound effect on 
the life of every individual,” Mr 
Lincoln continued. ‘‘The thing we do 
not recognize is that this same tech- 
nological advance has taken place also 
in the art of war. War is not the com- 
fortable, short, decisive thing of 130 
years ago or even of our own 
Civil War. It is, instead, unthinkable 
destruction from which no generation 
fighting it ever recovers. 

“War is still in its infancy It is a 
perfectly safe thing to .say that if the 
creative genius of the research workers 
now in the laboratories of the United 
States should be directed completely to 
the arts of war that the tools which 
they could develop within the next few 
years would be capable of killing every 
person in the world in a wel^k. It is 
because of the fact that this imagina- 
tive genius has been used in the arts 


of peace that civilization has not al- 
ready been destroyed in this war. Wat 
as a means of settling disputes between 
nations must be outmoded or this civili- 
zation will disappear. 

“The experience of all business in 
settling disputes has demonstrated the 
fundamental fallacy of fighting as a 
means of reaching a tenable agi cement 
Industry always, therefore, sidesteps 
conflict. We must learn the same 
methods as nations. 

“There are two courses open to us — 
one is to follow the brave but silly goat 
bucking a grindstone swinging on a 


I N white-walled hospital laboratoric's, in 
industrial research laboratories, in field 
laboratories, microscope.s in the h.inds of 
American doctors an<l hciontists are on 
twenty-four hour sentry duty. 

Here, on America’s second front, mitro 
.scopists are waging an unending war against 
enemies of health and production, enemies 
that are invisible to the unaided eve 

Hausch & Lomb Microscopes and BtS.L 
specialized instruments of optical research 
andcontrolaredoinganinvaluablejohtfKlay. 

From the toolmaker’s microscope that 
helps to maintain the standards f>f accuracy 
and perfection to which America’s w'ar 


rope till he kills himself — the other is 
to learn by mutual understanding to 
live at peace. 

“A great philosopher two thousand 
years ago outlined the principle which 
can permanently settle all disputes be- 
tween people or nations — 1'he Sermon 
on the Mount. This is not the principle 
of the weakling; it is the principle oi 
the strong and stalwart man. It is not 
only just a way out, it is the only way 
that nations can live with each other 
It is not new. We have had endless 
experience with it in the family, in oui 
contact with our friends and in oui 


effort is geared, to the microscope of the 
medical officer fighting the hazards to 
health whiih, if iincherked, could put a 
division out nf action, B&L instruments, 
through the men using them, arc serving 
Amei 1C a. 

IhTc at home, in laboratories, shop and 
fact<n>, and along our far-flung outposts, 
wherever Amciican industry and American 
fighting men arc serving the cause of 
Victory, you will find Bausch & Lomb 
optical instruments on active duty. 

BAUSCH & LOMB 

OFI'ICAI. COMPANY • ESTABLISHED 1853 


AN AMERICAN SCIEN^riFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSI RUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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iOllill STOIAM BATTIIIES 

art ta acetHint epiidltloa._ pomptot^irttli 


folutlon. eonaeetloiui mi 4 tn^t. PrloM below art 
ftboul 10% of retular market price, ATenme life 
00 yean. Two-year uneondltlonal Quarantw. 



Aan. Hn. IIO.. 
Amp. Bn. m.. 


■a. 00.00 


A-4 
A-0 

A*y Amp. Bn. iOt. Ba. f.OO 

A-i Amp. Bn. 900 la. 9.00 

B-0(J-9) Amp. Hn. 99 Ba. I.N 

11-0 Amp. Bre. 11 Ba. 0.00 

L-00 Amp. Bn. 10 Ba. f.M 

L-IO Amp. Bn. 00 Pr. 4.00 

All eelle 1.0 volte each 

ASo^prteee are pet imit ejU. ,1^ O^volt eyete 
nee 0 eelte. 10 vt.~10 eella. 110 vl.— 01 eeUa. 
Bote: On all eella 90 ampa. or leae an additional 
ebarge of 10% la to be added for traia. 


NUTONINSON PAISMATIO COMPASS 

I in dla.. braaa, l>laok enameled. Im- 
proved pattern, with openlnf In top. 
floating jeweled dial. 0 In. Bach... 916.M 


HAMD 6LIN0METUS, PENDANT 


Uikthf 

Aafloiine Driven. 
"Deloo" 1000 watte. 
100 volt dlreot cur- 
rent generator Sin- 
gle cylinder, 4 cycle 
air cooled 0% inch 
bore. I Inch etroke, 
1400 RPU, battery 
atari Ignition 

Price $220.00 

Additional data on 
roguoet. 


PISBtSf 



HIGH ntlQUBNOT GBNEBATOBS— AO 
4000 RPlf. Ball Bearing. Self Bxolted. 


400 cycle no VolU 200 watm IOS.M 

000 cycle 110 VolU 260 WatU 10.00 

BOO cycle 118 VolU 600 WatU N.N 

600 cycle 118 VolU 000 WatU 08.00 

000 cycle 110 VolU 000 WatU 48.00 


Priame, Binocolare, Bauech A Lomb, ueed. 
ellghtly chipped, 1 11/16 Inch long 
by % Inch wide $2.00 


Bunnell Resiatanoe Box 1 to 10,000 ohma. 
A beautiful piece of laboratory or teat 

apparatua. CompleU with pluga. 

Mew % BJP, 0-phaae 60 ey. 000 v. 9450 

r.p.m. Weetlnghouae ; 


New 1)^ B.P. 1-phaae 60 cy. 110 or 900 v. 

9460 r.p.m. Diehl. Ball Bearing 


t»0.H 

108.06 


668.66 


Motor generator. R S M 110 O. O. 

H.P.. 0 kw. 00 volt 00 amp 0100.00 


TELEQRAPHIC TAPE EECOHDER 

Makes written 
record of code 
on paper tape 
Ideal machine 
for learning 
code or teach- 
ing code to 
groupa Radio 
men can eaally 
adapt It to 
ahort-wave re- 
ceivers for tak- 
ing permanent 
records of code 
m e s s a ges. 
Double pen permits simulteneous recording of 
two messages Pena operated by battery and 
key while tape feeder la spring drivan. Made of 
solid brass on heavy iron base. Useful on Are, 
burglar alarm and watchman syateroa May be 
used to intercept telephone dial calls 10 ohms 
Rebuilt like new , , , $47.50 



Meters — Motors — Var. Rheostats — Genera- 
tors, etc. Liarge Bplectlon. When writing 
give complete details 


U. S. ARMY ALIOAOIS 

Hardwood, metric scale, 0-16 cm. and reverse 
and log, scale hairline sight spirit level «« Ag 
46* angle adj. type, made in Prance #1•V9 


SIRENS 

Universal AC A DC 120 volt ^'ortabl^ 
Weatherproof Limited number S4R«S$ 



Bili4 YDir Own tMraklicht 
U. t. Army ParaMla MImr 
PracwiM SaalHy 

rwagl OlMe 
Lmecth ThlcluieM Prig# 

10% In. 7/16 in 7$. 
7/16 in. 


10% in. 


12 $. 


Made by Bauach A Lomb A Par- 
sont. Perfectly ground and high- 
ly polished. 

A tow to la. sHtMly ataO aMlal 
aiirrtra aa haad $22E. aa. 


TUNQSTEN OONTAOT DISCS 

1%* dla. — 1/16' thick. Pure metalUo tungsUn 
oonteoU. Mschined and polished. 

$2.00 ee. $9.00 per pair. 



U. S. ARMY 
AIRCRAFT MICRO- 
PHONE 


lianuleetured by Western Bleo- 
trlo. 180 ohma Breast type car- 
bon microphone transmitter, 
noise proof, complete with cord 
plug and breastplate. 
Exceptional value — $2.96 


U. S. Araiy Eaglattn Prtoaialla Caaiyaaa 

Pork.t typ. 8*0* Umltw] qu.ntlty $10.60 


DYNASOTDIS D. S. to D. X 

04-980 volt Oen. Bectrle 000 
mllle 007.80 

04-1000 Oen. Bleo 1000 mine 

$•8.66 

11-980 volt 80 mlUa 

10-780 volt 000 mllU 00.06 

30-860 volt 80 mills 

30-300 volt 60 mills 9.8# 



MOTOR ORNRNATORS 

130 d.c., 110 or 300 a.C., boo cyclM.^O#^ U $118 H 

130 d.e., 110 or 230 a e., 800 eyole. BOO watt. 

ihS.M to I086.N 

130 d.e.. 110 or 230 a.e.. 800 eyols. 1 kw. ^ 

8098.66 to IfIB.N 

100 d.e., 110 or 030 e.e., 600 cycle, 0 kw. 

f9i6.6t U 6425.66 

130 d.e.. 110 or 000 a.o., 800 cycle, 8 kw. 

1488.66 U 

100 d.e. to 400 d.o. 0 kw 1228.66 U 

130 d.c. to 600 d 0 . 2 kw. ... 608i.6f U i 


U. 8. Army Qeneratora, Signal Corpa double cur- 
rent, hand driven; delivers 8 volU at 6% AMPS, 
and 380 volU at .08 AMPS. 

Bronse Otars In Aluminum Case. 

ApproxlmaU Weight: 80 pounds. 

Price ^ 5 . 00 . 


‘Wappler X-Ray Oo.** 
[80 a c. output. 

% B:VA .... |48.M 
1 KVA .... ioB.ee 
i% KVA .... 696.66 


CONVERTERS 

110 or 800 d.o input*— 78 or 


9 KVA 
8 KVA 


868.66 

. 1116.66 


U. 8. Navy roUry spark gap, enclosed mulUplt 

electrode, nigh speed, can handle 10 kilowatt. 
% HP., 110 V. vertical motor (specify 
AO or DC) 698.H 


Telegraph and buaser porUble seU, mahogany 
ease, 8 tone 4 contact platinum point high fre- 
quency busier, 0 Ulephone toggle switches, po- 
tentiometer, sending key, 3 mfd. condensers, 
transformer and 0 choke coils, racelvtr. ...|lf.66 


WebsUr %' spark coll, 110 volt. 60 cycle 30 
watU, wlffi vibrator ,...16.66 


Motors, Synchronous, 230 v. 60 eyolsa 1800 
RJ*.M. liH.P I86.H 


Motors, Synchronous, 830 v. 60 cycles 1600 R P.M. 
%H.P ftt.## 


U. 8. M. double current generator, 480 volt at 
250 mills and 9 volU at 3.78 amp. Complete 
with filter. May be used as dynamotor 188.66 


U. S. ARMY TELEGRAPH SET 

signal Corps telegraph key and sounder 
mounted on mahogany board. Oper- « 
ates on 2 dry cells. For Morse Code. SOiSO 


DIAL SWITCHES FOR TELEPHONES 

"Kellogg’* 4 terminal, 10 digits Diameter 
%”, new saw 


Radio A Telegraph Keys Standard 
Signal Type S2 JC $•. 


Miumi iimnii umui house, ik*. d$pi. t.s., in ckuibMi iiw m eiiy 
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industrial activity. It is not an experi- 
ment, it is a fundamental fact. War as 
we know it now is outmoded because 
it is no longer war — it is suicide.” 


KILLER — Cockrooches con twollow pheno- 
thiozisf without harm, but if this chemicol 
touchgs the outside of their bodies it kills 
the pests. The phenothiozine posses through 
the shells of the rooches, and is apparently 
converted into another compound which 
really does the killing. 

• # • 

BOMB SCORING 
Made Mere Aeeurate 
by Mierophont Method 

NEW method of automatic and in- 
stantaneous scoring of bombing ac- 
curacy which enables officers at tlie 
world’s largest bombardier college to 
check the accuracy of bombs diopped 
by cadets on targets 20 to 60 miles 



As the bombardier sees new target 


distant has been perfected and has been 
installed at the Midland AAF Bom- 
bardier .School in Texas. 

'I'he new “sonic method” which was 
developed under the supervision of 
Capt. J’^dward Peter McKaba, Experi- 
mental Projects Officer, utilizes 



Concrete housing for bomb microphone 


methods originally devised for explor- 
ing new deposits of oil. 

In addition to speeding up the scor- 
ing^ of each cadet’s bombing profi- 
ciency, which now requires a large 
staff of officers and men, the new 
method will bring about a* substantial 
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saving in such scarce coniinotlities as 
rubber, gasoline, and motion picture 
film. It will not only be less expensive 
but will be more accurate than past 
methods. 

The new ‘^sonic method” was ile- 
vcloped by Capt. McKaba from the 
sei sinograph ic method used for locat- 
ing oil deposits fn this work, an ex- 
plosive is set ofT on the surface of the 
ground. 1'hc sound is reflected by the 
sub-surface layers and picked up on the 
surface by a row of geophones which 
are like microphones These sounds are 
recorded on photo-paper and can then 
be interpreted to plot the contours of 
the sub-surface layers 

The problem of bomb scoring is vei v 
similar I’our microphones are place<l 
in a scpiare pattern about the target 
center, each 500 feet from llie center. 
By recording the time of arrival of the 
sound waves from the bomb explosion 
at each of these microphones, the 
bomb s position can be plotted For in- 
stance, the sound wave from a bomb 
in the target center will arrive at each 
microphone at the same time. If the 
bomb is off the center, then the sound 
will arrive at the microphone nearest 
it first and at the other microphones 
in the order of its distances from each 
I'hese values as recorded can be aji- 
plicd to a unique hypetholic plotting 
board devised for this purpose by C'apt. 
McKaba. and the bomb’s position de- 
termined 

Heretofore, the e.xplosion of each 
of the 200 bombs dropped by every 
ca(l<‘l during Ins 12 weeks of training 
heie li.is been pliotogra])hed by a 
camera from the bombing aii plane 
With planes aloft an a\erage of 20 
hours a day, the developing of this 
film has assumed proportions which 
rival those of the largest Hollywood 
studios. Adoption of the “some 
method” will eliminate the need for 
these expensive cameras and this great 
quantity of film, plus the labor and ma- 
terials required to process it. 

Another great advantage of this new 
system is that il may be wired back 
to the home base through leased tele 
phone lines so that the bomb-scoring 
crew may score eacii bomb the instant 
that it hits. 

WAR MEDICINE 
N9w Knowltdga Can 
Stam Epfdamias 

C^NE of the greatest questions of the 
present war is whether modern science 
is capable of preventing the recurrence 
of epidemics which in all past wars 
cost more lives than were lost in battle, 
according to Dr. Bernhard J. Stern, 
in a paper prepared for a Tooper Hnion 


MISCELLANY 

^ymposium on “Medicine in Wartime”. 

I he influenza epidemic that followed 
World War I killed more victims in a 
few months than all the armies in four 
years, it is pointed out by Dr Stern, 
who is a Columbia University sociolo 
gist and author of “Society and Medi- 
cal Progress.” In the United States 
alone perhaps half a million died ; the 
worldwide mortality is estimated at 
from ten to twenty-one million 
There have been prodigious advances 
in epidemology since the last war, and 
there are elements of hope in the global 
conflict now raging if the resources of 
medicine are utilized to the full, Dr 
Stern believes. “In World War I 
soldiers got vaccines to protect them 
from typhoid fever, paratyphoid, and 
smallpox,” he says. “This time, in 
addition they get shots to ward off 
tetanus, which is lockjaw that results 
from contaminated wounds, and yellow 


fever. If they are going to North Africa 
they get added protection against ty- 
phus. If they are on the way to India 
they get vaccines for plague and chol- 
era. New yellow fever vaccine promises 
to be of special importance 

“The results of advanced knowledge 
of immunology are already apparent 
During the Spanish- American War 
one out of every twenty soldiers con- 
tracted typhoid fever. 'I'cn percent of 
these died. During the first half of 1941 
there were only three cases in the 
entire army, and no deaths.” 

The developments in the field of sulfa 
drugs mark one of the most brilliant 
chapters in the history of medicine. 
These drugs have already proved their 
value in armies of the world in pre- 
venting gas gangrene, the ailment once 
more dangerous than bullets. In World 
War I the loss of arms and legs from 
infection was frequent and eighty per- 



"HOW TO RUN 
A LATHE" 

A practical roferenre 
book on the operation 
and care of metal work- 
ing lathes for beginners 
and apprentice.s. Valu- 
able as a shop text for 
training classes. 12H 
pages, 5/8*" X 8% 305 
illustrations. Price 25c 
per copy postpaid. 


IN TIME OF WAR, the man behind the machine is just as 
important as the man behind the gun. Back of the production 
lines of e\’ery war industry is our first line of defense — the 
toolroom. Here, where precision is of the utmost importance 
— where tolerances are reckoneil m split tliouMandthw - you 
will find South Bend Lathes. Modern in design, huill with 
extreme preeision. South Bend Lathes are fust and accurate 
on the most exacting «. lasses of toolroom work. Their wide 
range of spindle, speeds permits inachimng with maximum 
cutting tool elficiency. 

.South Bend loathes are made in five sizes — 9''to 16*^ swings, 
in Toolroom and Quick Change (iear types. We also manu- 
facture Turret Lathes for production ojicrations. Write for A 
catalog and the name of our nearest dealer. 







Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 
. , .The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 
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tridge-type respirator known as Dupor 
No. 10. Different types of cartridges, 
for differing filter purpose, are avail- 
able for this mask The cartridges are 
easily distinguishable by their color so 
that the workmen can always select 
the correct cartridge for the job. 

The molded rubber face piece gives 
air-tight fit while the adjustable head 
band holds the re.spirator firmly in 
place. 

HACK SAW 
Has Aalok-Aotian 
Lavar Laak 

CAM-ACTION lever-lock sets up and 
releases the blade in a new type of 
hack saw frame, in which loose blade 
studs and threaded tension devices 
have been completely eliminated with 
the result that blades can be replaced 
or repositioned in a fraction of the 
time required with frames of conven- 
tional design. 

Straighter cuts and reduced blade 
breakage are claimed to result from 
the extremely high tension which this 
new Star frame puts on the blade 
This high tension is possible because 
the frame is made of heat-treated 
spring steel. A gun-metal finish insures 
high resistance to rust and all other 
forms of corrosion. 

The frame may be adjusted for 8-, 






The lever locks the sow blode 


10“, or 12-inch blades by pulling out a 
single pivot pin to its open position, 
sliding the frame forearm in or out to 
desired length, and snapping the pin 
back into place. Blade may be re-po- 
sitioned to face in any of four direc- 
tions by placing it over either of two 
sets of fixed pins which are integral 
with frame 

• • • 

PAY — The median onnuol income of mem- 
bers of the chemicol profession in 1941 
wos $3,364, it is diKlosed by o survey just 
completed by o committee of the Americon 
Chemicol Society. Fifty percent of the pro- 
fession eorned more thon this figure ond 
so percent less 

• • • 

CONFERENCE CONTROL 
Midi Pottibli by New 
Intereominuiileitioii System 

An intercommunication system 
which provides many new features not 
available in any other one system is 
known as the Super-Chief With an 
installation of these units, it is possible 
for any number of stations to hold a 
private conference without interrup- 
tion or eavesdropping from other sta- 
tions outside of the conference group 
Also, by means of ingenious control 
switches, it is possible to maintain 
one-way automatic transmission which 




Intercommunication stotion unit 

is especially effective for dictation and 
for recording of conferences. 

The units of this intercommunication 
system are provided with amplifiers of 
sufficient power to permit operation 
without a falling off in efficiency with 
the units as far as 3000 feet from each 
other. Each station is equipped wffjt in- 
dividual volume control and optional 
equipment includes an earphone for use 
where privacy is essential 


IMMEDIATK DELIVERY 

LATEST TYPE INDUSTRIAL A LABORATORY EQUIPMENT 


BRONZE GEAR AND 
OINTRIFUQAL PUMPS 
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"RUSH’* CONDENSERS 
TINNED COPPER 

DMigned for refrigeration 
and air conditioning. Has 
many other ueee. High 
heat tranefer capacity 
and great efficiency. 

8Ueg 8^1 g lOH $5.50 eoch 

Single Ooll, double fin 

Bizee 1(B4 i $6.50 

Double Coll 

Limited number of larger elsee on hand. 


With 
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EXHAUST FANS, BUCKET 



BLADES 



Qtntral Elsctrlo A.C. 



110 volt motors 
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per min 

Price 

9* 

1550 

560 

818.66 

10" 

1600 

550 

13.66 

12" 

1750 

800 

18.66 

16" 

1750 

1800 

81.66 
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1650 

87.56 

18" 

1750 

2500 

88.56 
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1140 

2100 
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48.66 
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1 DYNAMOTORS. Gen. 

Elec. 6 volta 


input, 180 volta output, at 

60 mllllampR ... 

S1S.00 
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Suitable for heating Ufulde tanks, kettlee, ete. 
(1 KW raises temperature 100* P 3 gallone per 
hour.) Fitted for 1\4* Iron pipe thread. Can 
be used ae 110, 320 volt or 3 heat 110 volt. 

1200 Watt SlCtSC 


MAQNETIO QAS VALVES 

All .iin In •lock; Priem on raqunt. 


Synehronsiif Motors 

Hew Emerson 100th R.P.. 600 R.P.Ii. 110 volt 
db cycle hollow 26/32 shaft, no base Manual 
start. Has many applications $7.50 


IMMERSION HEATERS 

Ideal for heating a small amount of fluid In- 
stantly. Complete with approved cord 4k plug. 
Will fit any drinking glass. Will not contaminate 
water. 

300 watt no volt I6.N 

500 watt 110 volt 9.80 


ROTARY PUMPS FOR VACUUM ARD AIR 

Especially designed for 
laboratories. lewelers. 
dentists, doctors, hos- 
pitals. etc Also for 
small gu furnaces. 

No. 2 max. pressure 


HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty ^ 
H.P. motor, air tank (300 lbs. test — 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1 7 ru ft. per min. 

I Modtit 0 H s ^4 

12" A 2$** tank AC 110 or 220 v 60 eyclt 

$57.50 

16'' I 30" tank A.C. 110 or 220 v. 60 ^ 

Uret stock of sir compresfort, >4 H.P. to 20 
H.iT A.C. and D.C., all voltagas, 1 to 120 
C.F M displaccmint, built for all raquiramants. 
Additional data on raquest. 



PIONEER AIR COMPRESSOR CO., Inc. 

iXO-S CHAMBXm ST. NEW YORIC CITY, N. Y. 










SCIENCE IN INDUSTRY 


Industrial Growth 

New Products & Processes That Reflect Applications 
of Research to Industrial Production 


THE HENRY SYSTEM 
Of Hnger Print 
Classification 
and 

Idontiflcation 

ii now in use by mott 
of thd Police Oepertmentt in the 
United Statef. It if also the lystem 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

**THE FINGER PRINT 
INSTRUCTOR” 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

^4.23 postpaid 
New 1942 Printing 

Ordtr From SCIENTIFIC AMERICAN 
24 West 40tli Street, New York, N. Y. 


MAKE YOUR OWN 
TELESCOPE 

at a cost of loss 
than $25. 

working from Inoxponsivo, 
proparod kits of glass, abra- 
slvosy and pitch, and by fol- 
lowing tho practical datallod 
Instructions In 

“AMATEII 
TELESCOPE aUlN” 

This beginner*e book, from which 
more than 25,000 teleecopea have 
been made by asaatenre, givee ele- 
mentary information on how to plan 
and hnild the monnting, how to 
grind, polish, and aecnratdy ahape 
the eeeentlal glaee parte by hand. 
All nec ae ea ry data are presented In 
easily anderstandable fonn* 

Over 300 poses iOuitrat^d 

$4*00 postpaid, domostle 
$4.39foroign 

SCIINTIFIC AMERICAN 

24 Weet 4CNi Street, New Yerk, M, Y. 


SIGNAL LIQUID 
Herdens te e Serfeee 
That Melts Sbarply 

For use in any application where fairly 
accurate determinations must be made 
of temperatures, a new liquid material 
has been developed which is applied to 
any surface by a brush This liquid 
dries quickly to form a smear on tlie 
surface that melts sharply when the 
temperature of the surface reaches the 
rated temperature of the material. After 
cooling, the smear forms a glossy mark, 
different in appearance from the origi- 
nal, which indicates that the signal is 
no longer operative. This mark can be 
wiped off the work surface. 

This liquid material, known as Tem- 
pilaq, is available for signal tempera- 
tures in 25 degree steps from 125 to 
350 degrees, Fahrenheit, and in 50 
degree steps from 350 to 1600 degrees, 
Fahrenheit. 

POWER PLANTS 
Starekliglit Eauipmtiit 
Undtrfoat Test 

Before portable power plants for the 
operation of United States Army 
searchlights are sent out into the field, 
they are rigidly tested in the factories 
which produce them. Shown under such 
test in an accompanying illustration 


are a group of such power plants in 
one of the General Electric factories 
Most of those shown are designed to 
supply current in the field for the 
operation of 60-inch, 800-million can- 
dle anti-aircraft searchlights 

WEAR GAGE 

Mikes Indentetloii Wbiek it 

Measured Microteopicelly 

An optical instrument, which can 
be used on internal or external flat or 



Wtar goge of mony uses 


curved surfaces to measure wear, em- 
ploys a microscope to make comparison 
measurements of diamond-shaped in- 
dentations. After these indentations are 



SiMHi to be fumiifcliig power for ewtl-oircraft seorcklighH 
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made with a special indenter, the base 
length of them will change as the sur- 
face wears. Measurement of this change 
by means of the microscope makes it 
possible to detect a minimum wear of 
(XKXllS of an inch, oi a maximum of 
0014 of an inch 

Phis new gage can be used on cylin 
ders, sspheres, or flat surfaces. Typical 
applications arc measuring the wear in 
engine cylinders and on pistons, crank- 
shafts, and other similar parts where 
accurate wear determinations are essen- 
tial to research 

BRICK ACER 
Solution Colors Brick to 
Camottflago Now Work 

The unsightly appearance of new 
brick work, when it is combined with 
old woik as in a repair or rebuilding 
job, can be quickly and easily masked 
by the application of an aging solu- 
tion. This solution, mixed with water, 



Before and after applying camouflage 


IS sprayed or brushed over the surface. 
The two accompanying illustrations 
,ire from photographs made only a few 
minutes apart. Hetween the two ex- 
posure times a coating of Justrite brick 
aging solution was applied to the re- 
paired surface, effectively '‘camou- 
flaging” it to blend with the older 
surface. 

NON-SLIP 

Qrld Qlvos Protection 



Abrasive insures sure footing 


otlier commonly used solvents rem- 
peratures rangixig from 55 degrees 
below zero to 300 degrees above zero, 
I'ahrenheit, do not affect the aggregate 
or the bond 

FUEL METER 
Uses Synthetic Rubber 
as Shaft Protection 

Synthetic rubber has solved a major 
problem in helping to assure the safety 
of Army and Navy fliers; Cheiniguni 
is being used in the rotors within 
fuel lines of war planes to show each 
pilot how fast his fuel is being con- 
sumed. This is important in order that 
each pilot may balance his rate of 
usage against his supply 

The fuel-meter rotor is mounted 
directly in the center of a plane’s major 
fuel line, with the center shaft parallel 
to the flow of the gasoline. '1 he stain- 
less-steel .shaft of the rotor is covered 
at each end with a sheath of ( jocKlyear’s 
Cheniigum to resist the solvent action 
of the gasoline ; natural rubber would 
swell and possibly clog the fuel line. 

In the center of each rotor is a 
bushing of magnetized metal Propeller 
blades on the outside of each rotor 
force the roller to revolve as the flow 
of gasoline strikes them. Thus the 
rotor, revolving inside the metal fuel 
line, acts in the same manner as an 
armature, generating electrical ini- 



Card and Photo Stereo— Mirror 



(The modern 
single picture 
Stereoscope) 


As useful end fascinating as the 
camera and the movies. Every pic- 
ture appears in three dimensions. 
Valuable also in strengthening the 
muscles of the eyes and in the treat- 
ment of internal squint. 

Prire 

NU'MIRROR CO., Bridgeport, Conn. 


BUY BEABINQ 
BLIGHT-BESISTANT 
CHINESE CHESTNUTS 

Moit productive of all nut 
tree», easily grown, heavu 
yielders. 

NUTS IN FOUR YEARSI 

PLANT FOR BEACTT— PROFIT— 8HADB— NUTS 
FUN. Northern fltralBf. Send post card for FREE 
early order offer, booklet Ss prices on oyer 40 var. 
of nut trees Excellent as ornamentals. I have 
experimented with nut trees for over 46 years 
SUWWY Rt^E 436 NEW 8T., SWAWTHMOR^ PA. 




Against Falls 

Designed to eliminate hazardous con- 
ditions under foot in places where ex- 
cessive water, oils, or other liquids 
make floor surfaces slippery and unsafe, 
a new wooden grid is giving satis- 
factory service. Made of oak, the non- 
slip feature of Orco-Grid is ob- 
tained by bonding alundum abrasive 
aggregate to the walking surface of the 
grid pieces. 

A composition known as “Valim” is 
used to bond the aggregate to the 
surface of the grids. The abrashre ag- 
gregate and the bonding composition 
are not affected by alcohol, gasoline, 
creosote, S.A.E. 10 oil. water, and 


The parti shown are typical of the 
variety of simple or intricate forms and 
shsr>c8 which can be Quickly duplicated 
to a tolerance of with DI-ACRO 

Precision Machines — Shears, Brakes, 
Benders. For experimental and research 
work or production runs, DI-ACRO 
Units form angle, channel, tube, rod, 
moulding, wire, strip stock; shear stock 
sheets, trim duplicated stampings 
With DiE-LESS DUPLICATING. 
Man Hours and Crit- 
ical Materials are 
regularly saved. 

Send for js - page 
Catalog — “Metal 
Dt^icating With* 

LOUt Dies.** 


O'NKIL-IRWIN MFO. CO. 


347 Sill Av0. 3.t iwUiiMpolisv Minn. 




AAAfirM . lOda 


cricKJTirir AhacDirAM 




SCIENCE IN industry 


15,000 

FORMULAS 
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1077 

PAGES 
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HOPKINS’ 
’’CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material; many 
spare-and full-time businesses have 
b^n built up on one or more of its 
formulas: home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors* inks* dyes* pol- 
ishes* paints and varnishes* adhe- 
sives* cosmetics and antiseptics are 
only a few of the sections of this 
all-mcluiiva hook. 

^5.50 poetpaid (Domestic) 

Order Fre« 

SOIENTIFIO AMEIIOAN 
24 West loth Street, New Yerk, N. Y. 


Owner* of 

<*AMATEUR TELESCOPE MAKIMS" 

who have been bitten deeply by the 
hobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby in the companion 
volume 

“AMATEURULESCOPE 

MAKING-ADVANCED” 

This b a whoily different book 
from ‘^Amateur Teleseope Making*’* 

650 pnoes 359 Ulustraiiant 

Over 300J000 words 

05*00 poatpaklv do m eatlc 
05*55 foreign 

SOEimnC AMERICAN 

54 West 40ik St*, Now York, N* Y* 


pulses which are transmitted by wlrqs 
from the fuel line and the rotor’s 
mountings to the airplane’s instrument 
board. 

Naturally, as the flow of fuel in- 
creases. the strength of the electrical 
impulses is raised, which, in turn, re- 
flects on the calibrated dashboard dial 
that records the volume of fuel usage 

SPEED DRIVER 
Can Spaad Up Hand 
Attambly Jobs 

NEW high-speed ball bearing driv- 
ing tool, known as the Aero I'ool 
Speedball Driver, drives screws, coun- 
tersinks, or removes burrs. Replace- 
able tips, conveniently stored in the 
recessed handle, gives the tool a wide 
variety of uses. It can be supplied in 



A voriety of tips art used 


several shapes for special work with 
tips for Phillips screws, slotted-head 
screws, set screws, or for burring and 
countersinking jobs A tapered shank 
on the tip allows for easy removal but 
will not permit the tip to turn in the 
tool. 

ODLD ALLOY 
For Uaa In SmoII 
Parts Manafoatara 

Electric contacts, instrument bear- 
ings, and so on can readily be made 
from a new precious-metal alloy con- 
taining gold, platinum, and palladium, 
recently announced by J. M. Ney Com- 
pany. This new alloy, which can be 
drawn, rolled, machined, soldered, and 
welded, fuses at 1985 degrees, Fahren- 
heit, and has an annealed hardness of 
180 BrinclI. 

FIBER CONDUIT 
If Raplacing Natal In 
Many Applieatlant 

In view of the metal shortage, great 
interest has been shown in the possi- 
bilities of fiber conduit such as Ber- 
mico, in which wood cellulose fibers 
are scientifically built up and heat- 
treated to form rugged tubes with a 
solid, homogeneous wall structure. 
These tubes are then impregnated by a 
special process to produce a chemic^ly 
inert, light weight pipe with high me- 
chanical strength and water resistance. 


Millions of feet of Bermico are put 
under ground each year for the inital- 
lation of electrical cables. Lately Ber- 
mico fiber conduit has been used in 
place of critical metal conduit. Another 
new application is for inside drain pipe 
to carry off rain water. Bermico i.s 
also reported as being used as a pro- 
tective jacket to prolong the life of 
metal pipe exposed to corrosive action 
of liquids or gases. 

PAPER BURLAP 

Hit Similar Um to 
Fabric Which It Simulates 

^^VAiLABLE in rolls and measuring 
from 30 to 64 inches in width, a new 
woven paper burlap is being marketed 
for application in most of the services 
for which fabric burlap has been used 
Bags, wrapping, backing for carpets 
and rugs, upholstery, and seat covers 
are a few representative examples of 
the possibilities of this new material 
made by the Matthias Paper Corpora- 
tion. 

INSULATOR-MARKER 
Made cf Plastic Tubing fer 
Wire Terminals 

Short lengths of extruded plastic tub- 
ing are clearly marked with letters and 
numerals to perform two jobs; they 
serve as insulators of terminal connec- 
tions and as wire markers. Where lug 
insulation and wire identification are 
required, they speed assembly by elimi- 
M.itmg other means of identification. 

The tubing from which these new 
combination insulator - markers are 
made has high dielectric strength 
Smooth inside surfaces permit quick 
application over wires and lugs. Legi- 
ble numerals of the customer’s choice 
arc printed on the tubing with an ink 
that has resistance to chemicals, water, 
and oils equal to that of the tubing 
itself. 

HAND WHEELS 

Cast from Pbcncllc 
Rctln, Wltb Metal lacartt 

Custom fabricated to the user's re- 
(juirements, a new line of plastic hand 
wheels for use on machinery of various 
kinds has been developed by the Col- 
onial Kolonite Company. These wheels 
are cast from a phenolic resin ; hence, 
priority ratings of A-l-K or better are 
necessary. 

Metal inserts for these new hand 
wheels are shrunk in under heat after 
fabrication* the metal parts being sup 
plied by the customer. 




AVIATION 

Most Powerful Dive-Bomber 

New American Aircraft Excels in Every 
Respect Any Other Dive-Bomber Ever Built 


ALEXANDER KLEMIN 

Avtolioii Editor, Scientific American 
Reteorch Profeeeor, Daniel Ouggenheim 
School of Aeronoutict, New York Univertity 

S O MUCH has been written about the 
German Stukas that many have 
come to believe that the Geimans not 
only invented dive-bombing, but that 
they excel at tnis efTective fighting 
method As a matter of fact, the Amer- 
ican Navy originated dive-bombing 
and our dive-bombers ;ire superior to 
anything built anywhere in this clas'' 
of aircraft. 

The latest, most powerful, and most 
ominous dive-bomber is the ( urtiss- 
VVright XSH2C-I, which is a mid- 
wing design and which carries two men 
for its crew. Military necessity pre- 
vents much information being revealed, 
but we are glad to learn that the 
machine will be faster, will have a 
greater range, and will carry a greater 
load of bombs than any other craft of 
its type in the world It is powered 
with a 1700-horsepower Wright Cy- 
clone engine, the wings have either 
fixed or movable slots at the tips, and 
a three-bladed controllable pitch pro- 
peller will absorb the power of the 
Cyclone. 

EXPERTS ABROAD 
Promott 0o-0p«ritioii in Unittd 
Nations' Aircraft Produetion 

F ROM the point of view of our air- 
craft program, it is most encouraging 
to see how closely Americans and 
British are co operating A feature 
of such co-operation is the exchange 
of missions, whose personnel is com- 
posed of aircraft manufacturers — not 
politicians. When people like T. P. 
Wright, of the Aircraft Division of the 
War Production Board; Ken Ebel, 
chief engineer and test pilot of Glenn 
Martin's; Philip G. Johnson, the en- 
ergetic president of Boeing Aircraft; 
j. Carlton Ward of Fairchild Aviation ; 
and other equally well qualified experts 
visit the aircraft factories of Great 
Britain, they return with much useful 
information, both military and in^lus- 
trial. In turn, they serve to energize 
the English manufacturers. 

Mr. Wright, on his recent return, 


repoited impartially on the merits and 
demerits of British methods. Their 
factories are underground, in many 
cases, wiili a number of plants scat- 
tered in a given district to feed a cen- 
tral assembly plant This makes for 
safety against homhing, but docs not 
make for better volume Again, h'ng 
lish machine-tool equipment is more 
obsolescent than ours and single-pur- 
pose machines, which wc take for 
gi anted, are Igss frequent in luigland 
On the whole, productivity per man is 
less than in the United States 

But Mr Wright did not give us su- 
periority on all points 'I'hus, British 
woiking hours are about 15 percent 
longer than in the United States Re- 
lationships between labor and manage- 
ment are more cordial I'hcre are no 
material bottlenecks to he found. On 
the contrary, materials flow smoothly 
and their control is far more efficient 
than with us When the Deputy Direc- 
tor of the x^ircraft Division of the 
War Production Board is expert 
enough and broad-minded enough to 
make such observations, we can only 
compliment him on his wisdom, and 
ourselves on our good fortune in hav- 
ing sucli a man in this vital Washing 
ton post — A.K. 

• • • 

LUMBER — Blue stoin in sopwood lumber is 
coused by tiny threads of living orgonisms 
which permeote the wood cells. Although 
the threods within the wood ore brown, they 
import 0 blue to blue-gray color by re- 
frocted light. 

• o • 

TURNTABLE 

Made in Portable Form, for 

Use on Any Airport 

XnK ACTIVITY of an airport, as far 
as ground movement of the airplane is 
concerned, is concentrated at the Ar- 
ministration Building loading platform. 
And as plane traffic increases, so does 
congestion grow at the loading plat- 
form; the difficulty of finding space 
in which to turn planes around in- 
creases in like measure. In an attempt 
to meet this difficulty, fixed or perma- 
nent type turntables have been in 
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Black Lite lamps for spectacular effects 

Ultra violet for the laboratory 
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Sodium Lights for refractometers. etc 

Photogramatlc Lamps for contour devices 
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IP YOU DO, you are ready to know their true 
fccrcf meamng in the divine or Coamic world. 
A new nrivatt and SUsled Book will be sent to 
you without cost, explaining how the ancient 
sages used these signs as keys to unlock the 
forces of the universe. Just state which sign 
you recognize and address your letter toi 
Scribe J. K. Y. 
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Free Patent Guide 


WITH A U. S. PATENT 

Take first step to protect your 
rights to your Invention— without 
ooet Mall coupon today for Free 
'Reoard of InventOon" farm and compleOt Inilmrttiims 
for making legal dlaclosure of Invention and 
iwtabllshlng date. We also send 40 page free Book 
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af prompt action; bow to sell and market your 
invention; how to make Application for Pnfont; 
examples of Successful inventions. Also detaUs 
of how a Patent proteota you, our reasonable 
.'barges for preparing applleations including ofltelal 
drawings and technical spedfloatlons: oonfldential 
search service to be reasonably certain Invention 
IS patentable; prompt aervlee; strict seereoy; plaa 
for you to pay In small payments as eppUcatloo 
progreases; other facts you want to know about 
Patent Protection. Mall coupon for Free **Patent 
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stalled at Floyd Bennett Field, Long 
Island, and at the National Airport in 
Washington. These turntables require 
reinforcement in the concrete or pave- 
ment adjacent to the turntable pit, and 
also piovision for draining the pit. 

Now, the International Stacey Cor 
|K)ration, working under the sponsor- 
ship of the Civil Aeronautics Author- 
ity, has produced a portable turntable 
which can be moved about the airport 
as required (thus relieving conges- 
tion). This new unit needs no pave- 
ment reinforcement and is self drain- 
ing. 

The portable turntable i's five feet 
six inches in diameter, and only two 
inches in height. Seals protect its huge 
steel ball bearings against dust and 
dirt. The whole unit weighs only 700 
pounds and requires no anchorage to 
the pavement surface. This turntable 
has performed successfully under a 
single wheel load of 20,500 pounds 
with very little deflection of the top 
revolving plate, and it has already 
given excellent trial service at the 
Washington airport. 

The handling of cargo for the aii- 
lines, the con.struction of suitable 
cargo terminals, the installations of 
hand-cart and conveyor systems, are 
all just in the offing. This portable 
turntable is but one of the many de- 
vices which airport engineers will de- 
velop and which will help to handle 
the commercial air cargo that all 
authorities so confidently expect to 
come after the war. For military pur- 
poses air cargo is already being carried 
on a vast scale, — /4,K. 

SCRAP SALVACE 
In Aircraft Indastry It 
On Sclaatlfio Batlt 

Great credit is due to the Wright 
Aeronautical Corporation for working 
out a complete plan for salvaging tons 
of vital scrap — steel, aluminum, and 
other high grade materials used in the 
construction of airplane engines. More- 
over, this scrap is secured in such a 


condition that it can be quickly re- 
applied to the war effort, and is sent 
immediately to steel companies, ship- 
yards, tank manufacturers, smelters, 
and the like 

'Phe plan has the vital advantage of 
segregating the various metals just 
as fast as they are removed from forg- 
ing or casting by lathe, drdl. or mill- 
ing machine. Machine tools, ranging 
from small boring n»achines to mas- 
sive turrent lathes, have bins attached 
which catch and hold all shavings and 
chips or whatever waste is produced. 
Salvage collectors wheel large boxes 
up and down the factory aisles, gath- 
ering a special type of metal and, to 
make sure that there is no mix-up. the 
containers are identified with the cot- 
responding machine tools by a fool- 
proof color-marking system. C Con- 
tainers are marked with a specific 
color for each metal, the coloring 
being in the form of a large “V” 
painted on the side of the box The 
men employed, some of whom have 
been appointed “monitors.” give full 
co-operation . — A .K. 

6REW TRAINER 
CoNfalns Major AarodyHamie 
Foaturat af Combat PlaNOs 

|t is an immense step from primary 
basic training to the piloting of a huge 
multi-engined bomber There is an- 
other great step from the individual 
effort of the pilot to the coordinated 
team-work of the crew of a bomber 
1'he Army Air P'orces have taken due 
cognizance of these facts and met the 
situation by development of the AT 
(Advanced Training) Crew Trainers 
Such an advanced crew trainer has 
been designed and built for the A. A 
F. by the Boeing Airplane Company, 
and the Boeing AT- 15 was probably 
the first training plane specifically de- 
signed and equipped for the integrated 
training of pilots, co-pilots, bombar- 
diers, navigators, and gun cre\Vs In 
reality, it is a small, perfectly equipped 
bomber, with everything provided to 


give members of the crew complete 
training in their duties as individuals 
and as members of a team. 

All the military gear of a bomber 
IS included — bomb racks, power-op- 
erated gun turrets, regulation bom- 
bardier’s position in the plastic enclosed 
nose, and full radio and navigational 
facilities 1'he fuselage is constructed 
of mild steel tubing with w’ood fair 
ing and fabric covering 

W ings and tail surfaces are of wood 
vMth plywood covering. The wing span 
is approximately 59 feet and the over- 
all length is 42 feet. With two Pratt & 
W'hitney engines of moderate power, 
the top speed is well over 200 miles an 
hour. 

ELECTRIC EYE 
Controls Warning Lights 
on Aviation Hazard 

Some two miles from La Cuardia 
Airport, an “electric eye” has been in 
stalled on a 1 25-foot standpipe 1'he 



Photo-cell oirport guordion 


“electric eye,” as the photociccti ic 
device has been nicknamed, makes use 
of one phototube and three standaid 
ladio type vacuum tubes At the ap 
proach of darkness or fog this device 
will turn on red warning lights. 

Belays of this type are not new, 
1 hey have been used for the control 
of street and highway lighting and for 
floodlighting and spectacular devices; 
it is their application to airport .service 
that merits noting. — AX. 

ANTI-AIRCRAFT 
WonpoNSi Both Socrot 
ind Announood 

British merchant ships are reported 
to be, using a rocket device that 
sends into the sky parachutes, which, 
when discharged from their small 



SpncNknlly dniignnd ond tgnipptd for bombor crow training 
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shells, dangle long wires and entangle 
attacking airplanes. The mere fact 
that the device has been allowed to 
pass the censor is, however, an indi- 
cation that its efficiency is perhaps 
mediocre Another, more powerful 
British anti-aircraft weapon has re- 
mained secret. 'I'he Government was 
about to describe it. A newspaper. The 


Daily Mail, pleaded for censorship, 
which constituted an analogy to the 
man-bites-dog story The Daily Mail 
was perfectly right in insisting on 
secrecy, and the new weapon seems to 
be inspiring fear in attacking Ger- 
man raiders who often throw their 
bomb load down in open country and 
race back — A.K. 


NATIONAL DEFENSE 

How A Naval Battle Is Fought 

(Continued from page 103) 


and beneath its surface, staging raids 
against enemy shore installations, and 
— most important of all — covering 
landing operations, such as in the Solo- 
mons, and such, again, as that in 
Northern Africa, in co-operation with 
the Army 

'Fhe third main engagement m the 
Solomons, the Battle of Cape Bspe- 
rance, occurred the night of October 
11-12 Under cover of darkness a 
strong Jap force tiied to repeat the 
practice of landing reinforcements on 
Guadalcanal 

All classical standards aside, this 
battle was fought in the darkness of 
midnight and lasted for 27 minutes 
It was a duel of guns and torpedoes, 
between almost equal opposing forces 
It was a battle in which a trap was 
set by the United States force, includ- 
ing the now-famous cruiser Boise, of 
(.aptain E. J “Mike" Moran 1'he Japs 
stcanK'<l straight into ambush 

•THE Boise alone fired 1000 rounds of 
■ 5 and 6-inch shells, nearly 40 a 
minute for the 27 minutes. She shared 
in the sinking of three Jap cruisers and 
three Jap destroyers. She was hit below 
w^aterline, her fires were out, and flames 
leaped mast-high. She was given up by 
her sister ships, but the crew of the 
Boise plugged holes with bedding, and 
patched her and pumped her so that 
she amazed all by steaming back into 
line at 20 knots two hours later. And. 
despite her own loss of 107 officers 
and men, she continued operation 

The Japs fled 

With the coming of daylight our 
planes followed the Jap flight and in- 
flicted further damage on Jap vessels. 
The Japs lost at least eight ships sunk 
and three damaged. We lost one de- 
stroyer. 

In the Battle of Santa Cruz Islands, 
the fourth main sea engagement in the 
Solomons, we lost one carrier and one 
destroyer. The Japs in the same en- 
gagement lost one battleship, three 
carriers, five cruisers, along with 100 
planes destroyed and 50 “probables " 
The battle centered around a United 
States carrier task force which ex- 


changed air thrusts with a strong Jap 
group northeast of Guadalcanal. 

The Battle of Guadalcanal (being the 
official title of the fifth main sea- 
engagement in the Solomons) occurred 
November 13-15 The Japs again at- 
tempted to dislodge our forces in the 
Solomons. The Jap preparations this 
time weie larger than ever. For weeks 
they had been assembling ships, planes, 
and troops in New Guinea, in the 
Northwest Solomons region 

When the enemy had everything 
ready and assembled for the attack, 
three large forces moved in upon the 
Solomons They were met by our ships 
just after midnight of the 13th This 
was the battle wherein the Japs, in the 
darkness, got confused and fired on 
each other This was the battle, too, 
wherein the San Francisco, by steam- 
ing between the enemy lines and add- 
ing more confusion to the Japs, so 
distinguished herself that she later 
received the accolade. 

Our planes fought all next day, and 
a new sea-action took place on the 
second night Warship slugged with 
warship On the morning of the 15th 
the Japs fled. Or at least the survivors 
fled, for the Jap losses included 25 to 
27 ships sunk and 10 ships damaged. 
The sinkings included one, and perhaps 
two, battleships The United States 
lost two light cruisers and seven de- 
stroyers 

In theory, then, it would seem that 
individuality on the part of the com- 
manders, along with surprises on not 
doing the expected as taught in school, 
have as much to do with winning sea- 
engagements today as they always have 
— despite all the war theories ever 
written or studied. 

It was the same in the days of John 
Paul Jones and the Bon Homme Rich- 
ard. It was the same when the Boise, 
given up for lost, steamed back into line 
still firing and her commander saying: 
“Go after the biggest ones first " It 
was the same when the San Francisco 
steamed directly between the enemy 
lines at night, causing the Japs to 
fire on each other. It will be the same 
when. . . . 
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The DECIMAUZER shows In a few simple 
manipulations Just where to place the decimal 
point In the result of any computation Involving 
several elements, part or all of which may be 
declmala- for example, in such a problem as 
(9 X 0432 X 74.1 X 3 8) — (248 X 0093 x 38). 
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1 Manufacturers are 
getting ready NOW 
for post war sales and 
production — 

Right now. manu- 
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ing products their ex- 
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THE BOOK DEPARTMENT of Scientific American is conducted, with the 
co-operotion of the Editors, to moke ovoitoble for you o comprehensive book 
service. Eoch month the Editors select ond review in these columns new books 
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lEfENSE TRAINING SCHOOLS 
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Qemontory Aorodyncnnics 

D. c M. Hwm sum 

144 pp. 54 Uhio. 

This book has been written for the 
specific purpose of supplying the 
younger students of aeronautics with 
a concise and accurate outline of the 
essential science that lies behind the 
fact of mechanical flight, so that they 
may understand and appreciate the 
intensely interesting field of research 
and engineering that next awaits their 
attention. 

Aircraft Bluaprint Reading 

Ahnan & M^ad $1.10 

127 pp. 

The first thorough going, macticaJ 
book on this vital subject. Provides 
simple prints with complete explana- 
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and exten- 
sive use among aircraft students. 

Practicol Mathemattca of 
Avlortion 

A. C. Downar $1.10 

124 pp. 

Here are the fundamentals of mathe- 
matics applied to aviation problems — 
for Vocational, Industrial Adult Train- 
ing Courses. Has proved most useful 
to men preparing for jobs in aviation. 

Aircraft Maintenance 

Brlmm A Boggoos $2.10 

512 pp. 700 Uhia. 

The young student or beginner will 
find this text simple, clear, and readily 
understandable, a book to live with, 
to study at home, and to keep handy 
for reference in the shop. It is in use 
among leading transport operators, 
universities, private aviation schools, 
trade schools and the air services of 
the U. S. Army, Navy and Coast 
Guard. 

Aircraft Engine Mointenonc# 

Brlmm & Boggesa $2.00 

479 pp. 500 Ulus. 

Sound and accurate enough for the 
most exacting engineer, simple and 
clear enough for the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com- 
panion volume above. The most com- 
lete and comprehensive instruction 
ook ever written on the maintenance 
of aircraft engine. 

Aircraft Insj^ection M#thocUi 

N. Bortholomaw $1.95 

129 pp, 43 Ulus. 

The essential requirements of an air- 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, and 
manufacturer of planes and materials. 
The text has been approved by mem- 
bers of the Army and Navy Air Corps. 


Prices quoted include domestic 
postage. For foreign postage, 
add ^ cents. 


Order from 

SCIENTIFIC AMERICAN 

4 Weal 40th Street. New York. N. Y. 


A MATHEMATICS REFRESHER 
By A. Hooper 

A nother crutch book for the lame 
mathematician, and an excellent one 
— as proved by the fact that it has made 
learned mathematicians shudder (because 
it unbends and attempts to break down 
the usual barriers, and isn’t conventional ) . 
Atitbmetic, algebra, geometry, trigon- 
ometry, and a wee peek at calculus — 
these give the scope. After examining it, 
this reviewer sees no reason why a dili- 
gent student w lio never had previously 
studied mathematics could not derive 
much help from this book. It was pre- 
pared mainly to refresh aviation trainees 
whose high school mathematics was 
rusty. (342 pages, by 7)4 inihes, 
illustrated ) — $2 60 postpaid, — AG. I 

NEW COMMERCIAL AND 
TECHNICAL DICTIONARY 

Spanisli— English. English— Spanish 

I N AN attempt to set a standard of ter- 
minology for technical and commercial 
I words in Spanish, 50,000 words have 
been chosen and defined. Many engineers, 
importers, technicians, and soldiers will 
find that the information presented here 
will be invaluable on many occasions. 
A supplement gives conversion tables of 
weights, measures, and monetary units. 
(600 pages, by 9j4 inches, unillus- 
trated, thumb-indexed.) — $10.20 postpaid. 
P.P. 

JEWELRY, GEM CUTTING, 

AND METALCRAFT 

By William T. Baxiar 

S ECOND edition of a book which has been 
well received. The section on jewelry 
making has been rewritten and new ma- 
terial adcied This book tells how, gives 
addresses of dealers in material and equip- 
ment and, in general, emphasizes the prac- 
tical. (287 pages, 5^4 by 8 inches, 170 il- 
lustrations.) — $2.85 postpaid. — A.G.I. 

UNITED STATES SERVICE SYMBOLS 
By Olavalaad H, Smith and 
Gertrade Taylor 

T he vastness and variety of war serv- 
ices and insignia are made simple, un- 
derstandable, and far more interesting by 
use of this volume. To know the meanings 
and backgrounds of the symbols worn by 
American men and women fighting this 


war is to appreciate the whole picture far 
more thoroughly. The authentic informa- 
tion and hundreds of illustrations in color 
will identify members of the Army, the 
Navy, the Marine Corps, the Coast Guard,, 
the Air Forces, the Women’s Services, 
the U.S.O., Civilian Defense people, as 
well as medals, decorations, squadrons, 
regiments, and signal flags. (116 pages, 

5 by 7^ inches, lavi.shly illustrated in 
color ) — $1 60 postpaid. — A.D.R . IV. 

THE STEAM LOCOMOTIVE 

By R. P. Johnson, M. E. 

C oncise, technical treatise on locomotive 
theory, operation, and economics for 
(mechanical) engineers. Author is chief 
engineer of the Baldwin Locomotive 
Works 'I'ypical chapters. Tractive Force; 
Counterbalancing; Torque Diagrams; 
Locomotive Testing, High Speed Serv- 
ice . Repair Cost.s. Plain, unadorned, thor- 
oughly businesslike work (even the cover 
IS black like a locomotive) which makes, 
no concessions to popular appeal. (502 
liages, 6 by 9% inches, illustrated ) — 
$3 60 postpaid — A G I. 

VOLES, MICE AND LEMMINGS 
By Chariot S. Elton 

E cological study of a problem in popu- 
lar dynamics, by the Director of the 
Bureau of Animal Population at Oxford! 
University. Fluctuations in vole, or 
mcadfiw mouse, and other mouse popu- 
lation are studied in relation to those 
of their predators in both old and new 
worlds ( especially in Labrador Peninsula,, 
from the very old Hudson’s Bay Company' 
records). (496 pages, 6 by 9^3 inches, 25 
dlijstrations.) — $10.10 postpaid. — A G.I. 

SHIPBUILDING BLUEPRINT READING 
By Jotaph L. Tomlinson 

C ONTENDING that skill, knowledge, and! 

technique needed to make ship draw- 
ings are unnecessary to enable students to* 
learn to read and interpret them, this 
author oflfers a practical home course on» 
shipbuilding blueprint reading, minus close 
study of principles involved in marine con- 
struction. Thus he arrives at a simple 
explanation of skill in visualization, and! 
understanding of symbols and abbrevia- 
tions commonly found in ship prints. 
Preliminary sections are instructional, 
followed by test sheets in step-by-step* 
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fashion. Author has background as ship- 
fitter instructor with shipbuilding com- 
panies and vocational schools (208 pages, 
8 by 1 1 inches ; profuse with diagrams, 
drawings, blueprints ) — $3 10 postpaid. — 

A.D.R.jr. 
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Recommend 


FIRE FROM THE AIR — By J, BHrtqu0 XmUi. 
Pertinent fectt referdinf Inoeodlsry bombs. History, 
modem types, meterisls, end the stretefy end tscties 
of tbeir use in modern wsrfsre. $.60 

MACHINERY**) UANfIBOOK— ElmnlA EdUi^m. 
‘*Bible of the mechsnicsJ industry,** snisrfed to 
1815 psces of Istest sUndsrds, dsts, sod informstion 
required dsily in the shop sod drsftiof room. 

$ 6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS — * 
By John Strang, Pk.U. A wealth of useful dsts of 
s practical kind for the constructor, experimenter, 
and skilled craftsman. $6.$0 


By Marland P. Billings 

S PECiAi i/Ki) textbook treatise, limited to 
that part of geologic science which 
deals with the principles, methods, and 
techiiKiue of determining and mapping 
local structural (three-dimensional) units, i 
Adapted to readers who are already fa- 
miliar with stratigraphy, paleontology, 
physiography Author is assticiate profes- 
sor of geology at Harvard (473 pages, 6 
by 8 inches, 336 illustrations) — $4 60 
postpaid — .4.(7 /. 

I 

RULES OF THE ROAD 

Ry Lt. Robert A. McCoy, USNR, 
and Lt Davis N. LoH, USNR 

N av\ and reserve officers, midshipmen 
and enlisted men, merchant marine 
officers and seamen, sea scouts and private 
yachtsmen will find this thorough explana- 
tion of every combination of lights or sig- 
nals rec|uirecl under both International and 
Inland Rules of the Road both timely and 
valuable ( 121 pages, 6 by 0 inches, 45 
full -page plates.) — $2.10 postpaid. — 
.4.AA^ U\ 

FOUNDATIONS OF ASTRONOMY 
By W. M. Smart 

P RA( tk'ak, rather than descriptive, as- 
tronomy IS the main content of this 
work Content • geometry of the sphere ; 
celestial sphete; right ascension, mean 
time ; solar system and law of gravitation , 
lefraction; parallax; aberration, preces- 
sion and nutation , determination of Earth’s 
position ; Moon ; eclipses , stars , stellar 
motions ; clusters and nebulae ; telescopes 
This hook will repel readers w^ho seek 
attractiveness, as it is bleak ; but will 
attract those who prefer bleak, compact, 
mathematical treatment without conces- 
sions to interest or w'ordiness (it surely 
isn’t garrulous!) It is the text used in 
first year astronomy in Britain In 
mathematics it does not go Ix'yond trig- 
onometry. Author is Profcs.s()r of As- 
tronomy at Glasgow. ( 208 pages, 5 ' .• by 
8^2 inches, 115 figures, no pictures) — 
$4,30 postpaid . — A G /. 

COME AND GET ITI 
By QMrg* W. Martin 

Xjie appeal of outdoor cooking and out- 
■ door eating grew apace witli America’s 
automobile ownership — these rubber-less 
and gdsless days the relegation of the art 
of outdoor culinary achievements to the 
back-yard hasn’t lessened that appeal 
Beginning with a comprehensive discus- 
sion of outdoor fireplaces, stoves, ovens, 
fuels, and personal equipment, the reader 
will learn much that is helpful .about 
preparation of delicious meats, fowl, fish, 
shellfish, eggs, gravies and sauces, veg- 
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PLAS riLS — By J, H. Duboi$, Mraty inforinatinD 
oa the whole general subject of plaatici, presented 
in narrative form fur eaav reading. Tabulations of 
pruperties of plaatica, plus basic design information, 
for laymen and technicians alike. $3.10 


CHEMISTRY — By Gmrald Wmndt, Ph.D. 
Chemistry made easier by a presentation that !• 
intermediate between popular works and classroom 
texts This book contains the main substance of a 
6rst*year college chemistry courae. giving the leadei 
better than a sketchy background in tbia important 
science $2.33 


HOW TO READ ELECTRICAL BLUEPRINTS — 
By Gilbert M. Uminm and Carl If. Dunlop. A 
chapter on how blueprints are made, plus nine other 
sections, each of which la devotad to a specialised 
part of the electrical £eld, from bell and signal 
wiring through motor control diagrams to powe* 
station blueprints. $3.10 


GET TOUGH 1 — By Copt. W. E. Foirbalm 
flow.to-win>in>band-tO‘band*fifbtiiif directiona, by a 
man who really knows rough-and-tumble method* 
that are not **olean** fighting but ore designed tt 
win. $1.10 


PLANE TRIGONOMETRY MADE PLAIN — By 
ilbori B. Carton, The emphasis in this book, by 
an author who has tried to make the subject as 
painless as possible, la on practical appllcationa rather 
than on mental gymnastics. A good book for the 
home user who wants to brush-up on trig $2.$3 

rECHNIQlJE OF PLYWOOD — By Charloe fl. 
Sorrlt. Technical information on all phases of ply- 
wood manufacture and use, compiled for engineers, 
designers, and uaera of plywood. Important to 
many phases of wartime housing and manufacturing 
problems $2.30 

FUNDAMENTALS OF RADIO — By Jordon, 
Oetorbrock, Pumphory, and Smoby. With this 
sne volume alone, and with tome diligence of applies 
tfon, it la possible to obtain a thorough grounding 
In radio principles. In thoroughness of treatment, 
with due reaped for the needs of the reader, this 
book la outstanding. $3.10 


THE TRISECTION PROBLEM — By Robert C. 
Yotoe. Embodies mathematician’s answer to would-be 
iriaector. Gives chief dependable data on tbia never 
ending dispute. Compact, crisp, conciao. $1.10 


CLEMENTS OF ORDNANCE — A textbook pre- 
pared (or cadela of the United States Military Acad- 
emy. Covers manufacture, the chemistry of explosivea, 
ypea of weapons, mathemaUca of balliatica, etc. 

$6.60 

iIRCRAPT INSTRUMENTS — By Georgm ElUe 
Irvin. All types of instruments for aircraft use de- 
•oribed for students, pilots. Inspectors. Fundamentals, 
natrudions. $3.10 

• The above prices nra postpaid la the 
2.3 1 for postage an eae 


STEEL SQUARE POCKET BOOK — By Dtolgko 

L, Stoddard, Practical methods of using the car- 
penter’s steel square for layout work of all kinds. 
Time- tried methods used by two teuerationa ef car 
pentera and found both rapid and accurate $1.00 

MATHEMATICS — ITS MAGIC AND MASTERY 
— • By Aaron Baktt. Investment in approach to 
algebra, geometry, trigonometry, with time severs 

$ 4.10 

WORKING WITH THE MICROSCOPE — By 
Julian D. Carrington. For the aerioaa hegianai. 
Explicit, practical. $3.60 

TOOL MAKING — By C. B. Cola. InatnieHoM fa* 
making and using all kinds, from peraonal tools to 
irhor presses, lathea, planers, ete., in different metab. 

$ 8.60 

THE ELECTRON MICROSCOPE — By Burton 
and Kokl. A well-written account of this newest 
tool of acienoe, with all teehniealitiea explained lor 
complete understanding by average peraone. $8.0$ 

GETTING ACQUAINTED WITH ELECTRICITY 
— By Alfred Morgan. Phrased in layman’s lan- 
guage and aimed at the average man who finda 
himself somewhat bewildered by electrical gadgeta 
in his home, his automobile, and his place of 
business, the text of this book deals only with 
basic principles. $8.10 

MILITARY BASIC COURSE — By Copt, frank 
X. Crulkthank, Complete story of Army open- 
tiona in handy pocket volume. Fabrikoid binding. 81.8$ 

A MARRIAGE MANUAL » By BannmJt M. Stona, 

M. D., and Abraham Stone, M.D. A practical 
guide to sex and marriage, covering fitneee for mar- 
riage, mechanism of raproductlon, prevention of con- 
ception. and aimilar vital aubjecta. Answer# queationa 
most often asked these antbora by thofr eonaultanta. 

$8.60 


THE advancing FRONT OF MEDICINE, By 
George W. Gray — Nummary of the high pointa ol 
our preaent-day knowledge of the nature of disease 
Alimentation, high blood pressure, the eulfa drugs 
influenxa, allergy, inaanlty, sleep, pain, drink, amok 
ing, anxiety, cancer, aging. A truthful picture oi 
the atatuf of medinne $8.10 


AUTOMATIC ARMS — By Malvln M. Johneon 
and Ckarlet T, Bavan, Comprehensively covers 
machine guns, machine rifles, aub-machbe guns 
pocket pistob, shotguns, sporting, military rifles In 
automatic claasifiration. $5.1$ 

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS. Practical working manual for 
commissioned, non-commiaaioned officers. $.8$ 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A claaaio reference book recently revised and brought 
up-to-date to keep pace with recent research. In 
eludes material on all branches of chemistry, pbyaica 
and allied aciencea. Used in laboratories and by 
engineers throughout the country. Flexible binding. 
2503 pages. $3.60 

ATOMIC ARTILLERY — By John KeUook 
Robarteon. Electrons, protons, positrons, photona,. 
neutrons, and cosmic rays, all described for the 
layman in plain language. Alec transmutation of the 
elements and the manufacture of artificial radio 
activity. 88.3$ 

United Stalee. Add, on foreign orders, a 
I book, except as noted. ^ 
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etables and cereals, soups, breads and 
flour foods, beverages, and even such lux- 
uries as deserts. Packed with splendid 
recipes for picnickers, campers, hunters, 
and all out-of-door eating fans. (189 
pages, 554 by 9 inches, many drawings, 
index.) —$2. 10 postpaid.—^. D. R, IV. 

WILLARD GIBBS 
By Murltl Raktyttr 

A s THE years move on. science steadily 
elevates the late Willard Gibbs high- 
er and higher. An obscure, shy man, 
scarce known to his neighbors, likewise 
unknown to the world outside his quiet 
limited daily radius at Yale, performed 
mathematical miracles that have proved to 
be basic beneath chemistry, and physics, 
and biology and, beyond these, chemical 
intlustry. Gibbs, the almost unknown, is 
seen today to have been one of America’s 
few really great scientists. Among his 
biographies the present one, widely ac- 
claimed by reviewers, is turning out to be 
equally preeminent (463 pages, 6 by 9 
inches, 6 illustrations.) — $3.60 postpaid — 

MATHEMATICS FOR READY REFERENCE 
By H. M. Phillips 

R eaders of this book can use it as a 
reference work as needed or as a text 
from w'hich to glean a comprehensive 
knowledge of the whole subject of mathe- 
matics, The method in which the text is 
presented in numbered sections makes 
reference particularly easy. (2?4 pages, 
5^2 by 8 inches, a number of drawings, 
thoroughly indexed.) — $2.10 postpaid. — 
A.P.P. 

WOCDCRAFT 
By Barnard S. Mason 

C OMPREHhNsivE, eiicylopcdic on all 
phases of camperaft, woodcraft, and 
crafts of the woods. Excellent refer- 
ence and guide to camp toun.selors, club 
leaders, and individual — old or young — 
who like life in the open. Author has had 
a lifetime of experience in his subject, is 
acknowledged by Ernest Thompson Seton 
as a “master” (580 pages, 5^ by 9 in- 
ches, indexed, numerous photographs and 
drawings.) — $2.85 postpaid. — A.D.R. 

HOW TO PLAN A HOUSE 
By Towntand and Dalzall 

P RACTICAL working manual from which 
the prospective— or today, at least, op- 
timistic — house builder may gain access 
to the underlying principles of planning 
which architects know, but which so 
many amateurs, carpenters, builders do 
not know, or else ignore to the detriment 
of houses. This book gets right down to 
cases and gives tangible details — it isn’t 
merely vague and general. After studying 
it thoroughly, the reader should emerge 
with an enhanced respect for architects — 
and in the end probably will hire one, 
but will understand, anyway. (525 pages, 
5^4 by 854 inches, heavily illustrated.)-— 
$4.60 postpaid.— 4^.(7./. 
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CURRENT BULLETIN 
BRIEFS 


{The Editor will appreciate it 
if you will mention Scientific 
American when wnttng for any 
of the publications listed below.) 

Portable Electric Drill, Its Proper 
Use and Care is a handbook specifi- 
cally aimed at operators of various types 
of hand drills. The text describes and 
illustrates the use and care of different 
types, showing many of the wrong 
methods which should be avoided for long 
and efficient drill life. Hlack and Da ker 
Manufacturing Company, Advertising De- 
partment, Tozvson, Maryland — Gratis. 

Industrial Sub-zero Machines is an 
eight-page illustrated folder which de- 
scribes various types of refrigeration 
equipment for such industrial purposes as 
rivet storage, expansion fits, aging and 
processing, and testing. Kold-Hold Manu- 
facturing Company, 424 North Grand .dve- 
nue, Lansing, Michigan. — Gratis. 

How TO Increase Tool. Life is a 24-page 
illustrated booklet which desetibes a 
method of incre.asing the life of cutting 
tools by fine-finishing of the cutting faces 
during rcgrmding. By such methods it 
is claimed that production has been in- 
creased as much as 400 percent for milling 
cutters and 66 percent foi punches and 
dies Norton Company, Worce.^ter, Massa- 
chusetts — Gratis. 

Rectifiers for Ei ectroplating. Anodiz- 
ing AND Electrotyping is a bulletin 
which describes in detail a line of copper 
oxide rectifiers, their construction, opera- 
tion, and operating characteristics. Pro- 
fusely illustrated with photographs, charts, 
and diagrams. IJanson-Van Winkle-Mun- 
ning Company, Mataivan, New Jersey . — 
Gratis. 

A. C. Welders is a 12-page booklet which 
compares the advantages of A.C. and 
D.C. welding and shows how welding 
speeds can be increased and power costs 
decreased. W estinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pennsylvania. — Gra tis. 

Portable Flexible Shaft Machines is 
a 30-page booklet which describes and 
illustrates a wide range of machines of 
this type. Also illustrated are some of the 
attachments and accessories which are 
available. R. G. Haskins Company, 615 
South California Avenue, Chicago, Illi- 
nois. — Gratis. 

What of Tomorrow? is a 26-page folder 
which is presented as an anlysis of the 
possible trend of future events as prepared 
by a philosophical and educational fra- 
ternity. The Rosicrucian Order, Rosicru- 
dan Park, San Jose, California. — Gratis. 

Solderless Wiring Devices is a 32-page 
catalog devoted entirely to illustrations, 
descriptions, and specification details of 
a group of wire terminals and connectors, 
together with their application tools. 


These devices have been developed spe- ' 
cifically for aircraft usage, but are adapt- 
able to many other electrical problems. 
Aircraft-Marine Products Inc., 286 North 
Broad Street, Elizabeth, Netv Jersey — 
Gratis. 

The Evolution of the Screw, by Her- 
bert Manchester, is a 22-page booklet 
which describes the historical development 
of the screw thread from its earliest 
known form up to those of the present day. 
Parker-Kalon Corporation, 200 Varick 
Street. New York, Neiv York — Gratis. 

The Story of Research is a 20-page il- 
lustrated booklet which describes 
briefly but (juitc comprehensively the busi- 
ness of research as it is conducted by one 
of the largest industrial organizations in 
the country General Electric Company, 
Department 6-201. Schenectady, New | 
York. — Gratis. > 

Handbook of Spfcial Steels is a 128- 
page manual iiresenting in text and 
tabular form the purposes and uses of a 
wide variety of steels, including tool, i 
Nilralloy, stainless, electrical, and carbon 
steels. Clark Green, Allegheny Ludlum 
Steel Corporation, Brackenridge, Penn- 
sylvania — Gratis. 

Protektol is an eight-page pamphlet de- 
scribing an industrial stripping lacquer 
winch has been developed for use as a 
protective coating on polished metal, glass, 
or ceramic surfaces. This protective film, 
which prevents damage to surfaces during 
bandling and fabricating, is easily re- 
moved f nterchemical Corpoi ation, 75 
Da nek Street, New York, Neuf York . — 
Gratis. 

Nf:w Fields for American Agriculture 
IS a 53-page pamphlet giving data on 
growing small items formerly imported 
but no longer available due to the war • 
lavender, papi ika, pyrethrum, perilla, rape, 
eucalyptus, camphor, cinchona. National 
Farm Chemurgic Council, West Broad 
Tozver, Columbus, Ohio — 50 i ents. 

Micromax Thermocouple Pyrometers is 
a 56-page illustrated catalog giving in- 
formation aliout available instruments- -in- 
dicators, recorders, and controllers — and 
about the thermocouples and accessories 
which arc used with them. Leeds and 
Northrup Company, 4934 Stenton Ave- 
nue, Philadelphia, Pennsyhania. — Gratis, 

Air Clamps is a four-page illustrated 
folder describing a number of different 
types of air clamps for industrial machine 
tool use, ranging in size from a new 
midget type to larger models delivering 
pressures of from 80 to 1800 pounds on 
a line pressure of 100 pounds. Mead Spe- 
cialties Company, 15 South Market Street, 
Chicago, Illinois — Gratis. 

How TO Harness A Conference, by Don 
Herold, is a humorous approach to an 
ever-present business problem. It gives 
suggestions as to how to call conferences 
and how to conduct them, using printed 
forms which keep the whole business “on 
the beam.“ Please request this booklet on 
your business letterhead. Hammermill 
Paper Company, Erie, Pennsylvania . — 
Gratis. 
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TELESCOPTICS 


A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Editor of tho Sciontific Amoricon books ^'Amatour ToUecopo Making*' 
ond "Amotour Telotcopo Moking»Advancod" 


I DEAL hobby for elderly people is telescope 
making. Equally ideal for telescope 
making are elderly people, for these 
have long since discovered the necessary 
patience and tenacity. E. G. Richardson, 
1238 Broadway, San Gabriel, California, is 
7Q years young and, in sending the photo- 
graph (Figure I) of his 18", f/7 reflector, 
he says he has ridden the hobby for five 
or six years and made mirrors from 6" 
up, also a 5^" refractor and seven 6" and 
two 123 /^" flats. 

Asked to give further detail about the 
18" telescope, which is mounted as pro- 
posed by Porter in “A.T.M.”, page 139, he 
writes: “Most telescope drives shown in 
the “A.T.M.” books show the motor on 
the foundation or the frame of the tele- 
scope. I have tried that and attempted to 
smother the vibration, or rather cut it off 
from the telescope, by various kinds of 
pads and vibration insulators, but always 
found an annoying slight vibration, espe- 
cially in some positions of the telescope, 
that interfered with sharp vision. So I 
have put my synchronous motor in a little 
two-story ‘dog house’ located on one side 
of the telescope platform just visible at the 


right in the photograph. The motor is 
mounted on a block of concrete which 
sits on a hole filled with sand. It is belted 
to a reduction gear which is on its own 
separate foundation, and the gear to a 
shaft which runs through a conduit under 
the platform and is geared to the worm 
which drives the large w'orm gear at end 
of the polar axle. I have absolutely no 
trouble from motor vibration 

“The upper story of this little house 
opens onto the telescope platform and in 
it I keep star maps and the odds and ends 
that one uses about a telescope. The 
switch-controlling motor is also here. 

“An acces.sory that is rather important 
with so large a telescope is the observing 
step platform, which the photograph shows 
beside the telescope. At first I used an 
ordinary 12' stepladder, but it is sur- 


prising to note the number of persons who 
are more or less timid when they climb a 
few feet off the ground, especially the 
ladies So I built the step platform. The 
steps are 10" wide and there is a strong 
rail on each side. You stand on the step 
that suits your height, lean on or grasp the 
rail, and take a look. You arc relaxed and 
comfortable Much of the time you are 
looking downward, the most comfortable 
position, and the step is so solid that the 
most timid feel no fear. For convenience 
in moving around, the two legs are pro- 
vided with large casters. You grasp the 
lower ends of the rails and push it around 
like a wheelbarrow'. 

“Are there any advantages in a large 
telescope? My experience is that when 
the seeing is good you get just that much 
more illumination and see better and more, 
but when the seeing is poor the big tele- 
scope gives no gain Often, in fact, a 
smaller instrument will show more.” 

T he late J. H. Hindle, of England, was 
one of a minority of amateur telescope 
makers who prefer machines to hand work 
Figure 2 is a clean-cut machine he was 


building when the war intervened. It never 
was completed. Hindle sent no descriptive 
data, but a close study of the photograph 
will afford useful ideas. 

Hindlc’s machines for grinding and pol- 
ishing embody a principle in which the 
mirror rides on top, just as in hand 
Ai 



Figure 1: Richardson's 18-inch 


grinding, and is free to rotate of its own 
accoid and does so rotate. Earliest origin 
of this idea, so far as is known, is the 
machine of Lord Rosse, described in Sir 
John Herschel’s old volume, “The Tele- 
scope,” dated 1861 Here it is the iron 
tool which rides on top {KL, Figure 3), 
miiror being beneath and immersed con- 
tinually in water to within an inch of its 
surface. M is a round disk of wood con- 
nected with the polisher by strings hooked 
to It in six places. Sir John Herschel ex- 
plains “The bar DG,*' he adds, “opens 
into a ring which fits the polisher nicely, 
but without tightness, so that the polisher 
turns freely around.” Thus Ilindle’s ma- 
chine traces pretty clearly to the younger 
Herschel’s. 

Figure 4 also might have been the in- 
spiration of the drill-press grinding ma- 
chine described by Hindle in “A.T.M.”, 
page 219, and is the old Lassell machine 
described by Sir John Herschel in the 
book named above. Amateur telescope 
makers as a class are too mechanical to 
need all the lettered details of this old 
drawing explained, except possibly that the 
gear O is fixed and the sector is con- 
centric with the axle P, though in bad 
perspective in the odd old drawing. It is 

M 



Figure 3: Was this the genesis of the free-floating principle? 



Figure 2: Hindle's uncompleted machine with rope drive 
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hollow, and pinion T is adjustable any- 
where along Its gioove. Hollow crank i 
^rtn r IS also adjustable “By this mech- 
anism,” Herschel states, “it is evident 
that the pin [which drives the polisher /] 
will be carried circularly around a point 
which IS Itself maintained in circular 
motion ” 

Hindle’s adaptation of this old principle 
was an improvement, in that he eliminated 
Its rather Rube Goldbergish character- 
istics, and for them substituted more prac- 
tical simplicity. 

A s ALL amateur telescope makers know, 
you can saw glass with wet Carbo 
and the edge of a strip of sheet metal. The 
same procedure works with stone. In ’ 



Figure 4' Losseirs machine 


making the stone sundial shown ir a tem- 
porary mock-up in Figure S, your scribe 
sawed out its two 1" x 14" x 18" slabs of 
dense Devonian flagstone using No 60 
Carbo with the hack of a one-man cross- 
cut saw, each cut recpiiring about an hour 
A drip-can was rigged up, a mound of 
Carbo was poured out near the cut, and 
this was fed in with the aid of a stick of 
wood as the right hand kept the saw mov- 
ing (In this instance, the owner of the 
saw, too distant to sec clearly and ig- 
norant of our familiar sawing tci hniooe, 
thought the stone was being sawed with 
the toothed side, aiul fainted ) 

The uneven slabs were worked down 
with an old glass tool and coarse Carbo 
with ample elbow-grease, then fined with 
some of the familiar Carbo series 
The gnomon is a solid casting of bronze 
made and contributed by Fred. B. Person, 
Biloxi, Mississippi, author of the chapter 
on molding and casting in “A.T.M.A ” 
Diagonal lines for each 15-minute time 
interval from 7 to 11 A.M. were incised 
with the edge of a piece of sheet metal 
and Carbo. As they shallow' up at the 
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chds, this gives a curved illusion due to 
the shadows of their own edges. 

The larger letters were hogged out with 
an electrically driven ‘‘Handee Toor’ and 
finished by hand with tools ground from 
old files and a knitting needle. The style' 
of lettering was stolen from an inscrip- 
tion in England and it isn’t orthodox (so 
says an engineering friend). 

The left-hand stone carries a graph of 
the equation of time for the summer 


S45 Fifth Art. 


Now York City 



Figure 6: Rock cobin, sundial 

months, also instructions for making the 
date corrections. By careful interpolation 
between the 15-minute lines of the dial, and 
addition or subtraction of date correction, 
it is always possible to set a watch and 
find it within two minutes (Sun’s “time 
diameter”) of correct time. Help from 
Mayall and Mayall, “Sundials,” is grate- 
fully acknowledged ; also from Mayall 
and Mayall. 

This is an east-facing, morning dial and 
it was huilt into the masonry over the door 
of a rock cabin (Figure 6) situated as 
per the legend carved on the dial : N, Lat. 
42"29;40"; W. Long, 76’54’46". 

This cabin was begun IS years ago and 
has provided a “piece of resistance” for 
annual two-week vacations. It was placed 
4' from the base of the 2(y vertical cliff 
shown (note ladder) and in 18" of water. 
It therefore is an island. Some 56 cotton 
cement sacks were filled with mixed 
cement and aggregates and corded up on 
the solid rock bottohi under water till 
they reached the surface. Into these, before 
the concrete set, was thumped the initial 
course of stone. The 12" wall then was 
continued to 17' above datum. Approxi- 
mately 100 tons of 11^" stone selected 
from the submerged talus by a sub- 
merged editor were brought in a row- 
boat and laid up in concrete mortar. No 
help was employed on this cabin— it was 
too much fun. 


The flat, five-ply, pitch-and-felt, Barrett 
Specification roof proved to be the largest 
and liveliest job of pitch lap making this 
writer ever did, particularly when the 
pitch, which was being raised toward 
400® F. in an iron washtub over an open 
fire, flared up in a roar just as both feet 
became stuck in the hot, soft, just-mopped- 
on pitch tanglefoot. Has any reader ever 
found out why two things pick one time 
to happen? 

The castellated design is a perversion of 
one contributed by Russell Porter. The 
front porch shown is a temporary eyesore 
to be replaced by a proper stone stylobate, 
or basal surround, to give proportion. 
Porter catis this cabin “Karnac,” others 
refer to st as a mausoleum. 

Door hardware was forged from Swed- 
ish iron, to a tolerance of 10,000 wave- 
lengths of the B line of sodium light. 

Inside are a corner fireplace, Shipmate 
range, built-in table, a bunk 7' Overhead 
and a stone floor to fall out on. 

The “Fisherman Good Luck” invoca- 
tion relates to the small-mouth black bass 
that lurk in the foreground in 20' of clear 
water and chuckle “they’ll need it,” as the 
optimists troll past. 

This is a vacation hideout, and there’s 
more than one way to hide out on a two- 
week vacation far from the madding 
crowd and the razor (Figure 7), while 
laying stone masonry. 

• 

preceding 5.? lines and Figures 
^ 5, 6, and 7, give some indication of the 
excessive mental strain under tvhich 
Scribe Ingalls has been laboring these 
past 15 years. The purpose of this note 
IS not only to disclaim all responsibility 
for the civil-life actions of our associate, 
and especially for this month* s depart- 
ment, but also to warn all ^‘Telescope 
Nuts** of what may he expected from 
Scribe Ingalls 15 years from noxv, ivhen 
he will have ^Wetired** and be living in 
his own ** mausoleum** (Figure 6 .) — The 
Other Editors. 



Figiirt 7 ; ? 





BAMBOO, weightier of Philadelphia’s 
two fine, vigorous gorillas, has a fascinat- 
ing habit of pitching bananas, tomatoes, 
and watermelons at some whose looks he 
doesn’t happen to fancy, witli such fine 
control that they learn to keep their dis- 
tance. His kind of fun. The article on page 
246 tells more about him 
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50 Years Ago in 


■ ■ ■ 



(Condensed From Issues of June, 1893) 


SUBMARINE BLASTING — “The most extensive submarine 
blasting operation ever undertaken for the improvement of a 
harbor was that for the removal of the rocks known as Hell 
Gate, which obstructed the passage between New York Harbor 
and Long Island Sound. The works for the final operation in 
removing the middle reef consisted of the excavation of 21,609 
feet of galleries through the rock, of an aveiagc section of 10 
feet square, and involving the removal of 80,232 yards of rock 
by blasting. The total quantity of roof and pillars remaining 
to be shattered by the final explosion to a depth of 30 feet 
amounted to 270,717 cubic yards. The number of cartridges 
placed in the holes was 42,500, containing 240,399 pounds of an 
explosive consisting of potassium chlorate and nitrobenzol and 
42,331 pounds of dynamite.” 

CRUISER — “Never before in the history of our navy has the 
trial trip of a war vessel attracted such general attention as was 
excited by the final speed test of the new cruiser New York. . . 
The perforrnance of the engines, boilers, and accessories was 
excellent . . Not a journal heated unduly nor was any water 



used on bearings except as a matter of precaution. . , Hei lam 
lx)w and high freeboard are conspicuously noticeable as the 
vessel is seen at anchor, the 8 inch rifles she carries being 25 
feet above watei. . . She has also twelve four-inch rapid fire 
guns, eight rapid fire six pounders, four rapid fire one pounders, 
and four Gatling guns, besides six torpedo tubes, one in the bow, 
one in the stern, and two on each broadside.” 

INDUSTRIAL CHEMISTY — “Chemists turn scrap iion into 
ink, old bones into lucifer matches, the shavings of the black- 
smith’s shop into Prussian blue, fusel oil into oil of apples and 
pears, the drainings of cow houses into fashionable perfumery, 
beggars’ rags into new pilot coats, cesspool filth into ammonia, 
and tar waste into aniline dyes and saccharine.” 

ENGINES — “The triple expansion engine for ships was first 
designed by Peter Ferguson (of Fleming &' Ferguson, of 
Paisley), who fitted them on board ship in 1872. To the late Dr. 
Kirk, however, is due the general adoption of this class of 
engines, through the clearness with which he demonstrated 
their superior economy.” 

LIGHTSHIP WAS ANSWER— “The Lighthouse Board of 
the Treasury Department has not given up the project of erect- 


ing a lighthouse on the outer Diamond Shoal, off Cape Hatteras. 
'J'he shitting sands of the ocean bottom at this point, combined 
with the fiequency and the violence of storms and the difficulty 
of getting material to the ground, conspire to make the erection 
of a lighthouse there more difficult than any undertaking of the 
kind that has ever been attempted in the world before.” 

STONE-CUTTING — “French ingenuity has contrived an im- 
proved stone-cutting saw of remarkable efficiency — a circular 
saw having its edge set with black diamonds in the same way 
as the straight blades; but as the strain on the diamond is all 
in one direction, the setting can be made much firmer.” 

ALWAYS ROOM — “We hear so much about the material 
progress of the age, our wonderful inventions and the great 
discoveries that are destined to be of untold benefit to man, that 
It IS well somctimc.s to take a look through the big end of the 
field glass and see how little really has been accomplished in 
comparison with what remains to be done For in truth we have 
but scratched the surface of the globe to a very small extent 
The north temperate zone alone has begun to be developed, and 
it is only a beginning — the wastes of Siberia still lying practi- 
cally uncultivated — while the south temperate zone and the 
tropics are scarcely touched, with their untold wealth of animal 
and vegetable products, besides the undoubted mineral lesources 
which they contain. . . The lesson of it all is that there is always 
room for discovery and that we are nowhere near the exhaustion 
point of the earth’s resources ” 

PRE-SPARKPLUG — “Ignition tubes for gas engines are now* 
made of a composition consisting of kaolin, chalk, sand, and 
feldspar. These materials are ground up with water before 
being mixed, and the coarser particles are allowed to subside, 
the creamy fluids containing the finer particles in suspension 
are then mixed and allowed to settle. The paste deposited at 
the bottom is drained, kneaded, and stored for some months in 
a damp place. It is then moulded into the required shape, and 
dried by exposure to the air. The tubes are then packed in 
cylindrical cases of clay, and heated for fourteen days by the 
flame of a wood fire. Such tubes have lasted 546 days and 
showed no signs of wear, whereas a wrought iron tube is often 
destroyed in three days ” 

ROADS — “The centralization of power and its distribution by 
the trolley system have inaugurated a cheap and rapid trans- 
portation system for suburban and even rural districts. The 
country roads have been invaded by the trolley. . . Simultane- 
ously the movement for good roads has mounted into a national 
i^suc. All over the country are heard the calls for better roads. . . 
The ideal road has been claimed to be a Telford or macadam 
strip with a trolley line on each side. This provides for those 
who wish to pay fare, while the farmer can transport his prod- 
uct by the old-fashioned way. It is a self-evident fact that 
horses must become accustomed to the trolley car . , . Already 
local steam roads have been seriously affected by the competition 
with trolley roads . . . The next generation will only be able to 
wonder how its ancestors continued to exist under the regime of 
slow horse cars.” 

WOOD PRESERVATIVE — “Naphthalene, which is a prod- 
uct of coal tar distillation, in appearance something like 
paraffin, has been found useful in England for the preservation 
of timber.” 
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He can smile through it all 



So let’s keep a smile a-going 
back here, too. 

Even though war is crowding 
the wires, telephone people still 
want to give you pleasant, 
friendly service. Materials for 
new telephone facilities are 
not to be had. But there’s no 
shortage of patience and 
understanding. 

Takes a lot of pulling together 
to do this and we appreciate the 
help from your end of the line. 

BELL TELEPHONE SYSTEM 


ir4il CALLS COME FIRST 

• Year centlaaad halp in mohinq only vital 
calls to war-bnsy cantors is morn an4 morn 
assontial ovory day. 
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SMALL INDUSTRIES ALSO SHINE 

T UE IMPORTANT fact that individual initiative is far from dead 
in these United States is daily being more and more forcefully 
brought out by charily released information on the progress of 
war production. First to receive the Army-Navy “E" award 
among manufacturers were, of course, the larger industrial 
plants. They were more flexible in operation, had greater re- 
sources, could stand momentary losses ; therefore, they could 
more readily convert to war needs. But soon came w'ord that 
.smaller plants were in line for the coveted pennant. They, too, 
were showing their mettle, were proving that not big business 
alone could do the things which had to be done to assure victory 
for the United Nations. And some of them were surprisingly 
small; at the lime of writing, the “E” had just been presented 
to a six-man plant engaged in precision instrument production 
This is not the lower limit of size, however. Records show that 
this plant is the third smallest manufacturing unit to be so 
recognized for efficiency in service. 

That such small plants can do their share, and sometimes more 
than their share, in the war effort would be accepted as a matter 
ot course if it had not become the fashion, in rc^cent years, to 
think of American industry as composed of huge corporations 
with millions in resources at their backs, and with thousands 
of employees at their beck and call. Not to be forgotten, how- 
ever, is that these large companies did not spring full-blown 
from nothing; they, also, had their small beginnings when thcic 
was only a tiny shop and the boss worked side by side with em- 
ployees. 

Thus the small plants that today are showing the stuff of 
which modern American industry is fabricated are but carrying 
along the traditions of the American way. From the days of 
metal-worker Paul Revere through the early struggles of 
Charles Goodyear and the first productions of Thomas Edison 
to the mighty industrial empires such as that started from 
scratch by Henry Ford, our nation’.s history is replete with 
records of the accomplishments of the “little man.” 

Now, with World War II setting new industrial production 
goals, these “little men” are once more proving that they have 
the guts to fight against odds, to gamble their futures on their 
faith in their own ability, to give themselves whole-heartedly to 
the cause that demands the best in every man. 

To the small manufacturers as well as the large who have 
earned the “E” award, our heartiest congratulations. To those 
who hare not as yet reached that peak of perfection goes our 
faith that they will never let down until the pennant flies above 
their plants. American industry is in this fight with both fists 
and both feet. With the shining examples that have been set so 
far, failure is unthinkable. — A,P.P. 


ENGINEERING RESEARCH IN UNIVERSITIES 

RECENT plea that industry finance university research in the 
fields of engineering, uttered by Prof. James Kip Finch of the 
School of Engineering, Columbia University, brings new^ atten- 
tion to one of the aspects of college operations that is all too 
often forgotten. In the laboratories of these institutions is con- 
ducted invaluable research in many fundamentals of science that 
sometimes comes to public attention in the form of new industrial 
processes or product^. Often, however, the endowment system 
under which most of tos work is carried on is not sufficient to 
make the greatest possible use of the facilities available. 

Thus, states Professor Finch, “the university must turn to 
industry for the increased support necessary not alone for the 
maintenance of fundamental research but to make possible that 
expansion of research activities which will be essential to the 
maintenance of both industrial as well as educational leadership 
in the post-war world. . . . While the situation differs in the 
several branches of engineering it is clear that industry must 
rely upon our engineering schools not only to train the personnel 
required in industrial research, but for all possible aid in con- 
ducting such research. 

“The great bulk of development research,” continues Pro- 
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fesM)!* Fincli, “the search aimed at the development of new or the 
improvement of older manufacturing methods, at improved 
(|uality or lower manufacturing costs, will probably be under- 
taken by industry. But fundamental research usually has not such 
immediately practical aims It is true that some of the knowl- 
edge that It uncovers often leads to new and patentable products 
or methods, but much of it is directed toward the clarification 
and extension of existing theory, and the reduction to a science 
of hitherto empirical techniques. While development research 
may thus become increasingly an industrial activity, it seems 
clear that our engineering college laboratories will continue to 
share the field of fundamental research with industry.” 

This makes good sense. Even though the research worker in 
industry may be as unhampered as possible in his exploration 
of the unknown, there is always a certain amount of restraint 
engendered by the knowledge that his work is closely linked 
with industrial needs Never can he be completely freed from 
this feeling. In the cloistered laboratories of the university, how- 
ever, there is less feeling of immediate need, of the necessity for 
turning up something of practical industrial value that can be 
put at once into production or other use. 

It would seem to us, then, that the plea of Professor Finch is 
one that should not go unheeded. Properly administered and 
with adequate safe-guards against exploitation, such co-opera- 
tive research should have tremendous value to all concerned. 
Industries that do not, or cannot for one reason or another, 
maintain tjieir own pure-science research facilities have here an 
offered opportunity to participate in a branch of work that will 
be of great value to them in the future and that at the same time 
will aid in developing our over-all knowledge of the funda- 
mentals. Organizations now doing such work in thoir own 
laboratories can benefit by similar co-operation either thrfmgh an 
expansion of existing programs or by turning over their funda- 
mental research to a corps of university specialists and concen- 
trating their own resources on applied research 

No matter how the details are worked out, the suggestion has 
great merit and will warrant the fullest investigation and .study 
by all industry — O.D.M. 

OF MANY TONGUES 

EMORY of school-boy aversions to the study of foreign lan- 
guages comes clearly to mind when reading of the present 
educational work which the government is conducting with 
groups of men who are destined to take over administrative 
work in many fields when the war is won and the recon- 
struction period sets in. 

Thinking along the same general lines, but apart from the 
immediate aims of these governmental “schools,” those school- 
boy aversions must by now be sad history for many men. When 
the war is over and the peace is being won, industries of all 
kinds will be reaching for foreign markets. There will be a 
crying need in many fields for technically trained workers who 
also have a mastery of languages, preferably several. Only those 
who are equipped with the proper background will find them- 
selves in a position to take advantage of the positions then 
available. 

This self-evident fact makes us urge that fathers guide the 
thinking of their sons along these lines, that upper high-school 
and college students take this part of the future into considera- 
tion before shying away from languages classes. — A.D.R,,IV. 
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MAJOR EDWIN HOWARD ARMSTRONG 


I N THE field of radio, the name of Major 
Edwin Howard Armstrong is second 
only to that of Marconi. Recently the Edi- 
son Medal was presented by the Ainetican 
Institute of Electrical Engineers to Major 
Armstrong “for distinguished contribu- 
tions to the art of electric communication, 
notably the regenerative circuit, the supei - 
heterodyne, and frequency modulation “ 
With characteristic modesty, Major Arm- 
strong accepted the Medal with the tol- 
lowing words . 

“The continuous good fortune that has 
followed me, providing second chances at 
inventions when the first chance was 
missed and tossed away, has been all 
that a man could hope for and more than 
he has any right to expect." 

Internationally known for inventions 
which created modern radio and parti- 
cularly for the invention of wideband 
frequency modulation, Armstrong is Pro- 
fessor of Electrical Engineering at Co- 
lumbia University, and likes best the title, 
“a former pupil of Pupin." Thirty years 
ago, when Armstrong finished his engi- 
neering studies at Columbia, he became 
the protege of Michael Pupin, Edison 
Medal winner in 1920. 

Armstrong was born in New York City 
December 18, 1890. While a sophomore 
at Columbia he became interested in the 
operating properties of the audion de- 
tector, or radio tube. Experimentation at 
his home in Yonkers, New York, led to 
his invention of the feedback or regenera- 
tive circuit, which increased the sensi- 
tivity of the audion hundreds of times as 
a detector of radio signals. For the first 
time, useful, solid transoceanic and trans- 
continental radio signals could be re- 
ceived. The initial Armstrong invention 
also produced for the first time continuous 
high-frequency oscillations by means of a 
thermionic tube. 

These giant strides in radio started 18 
years of litigation costing millions- of dol- 


lars. The U. S Supreme Court ruled 
against Armstrong. Disagreement with 
the verdict of this tribunal was expressed 
l)y the Franklin Institute, the American 
Institute of Electrical Engineers, and the 
Institute of Radio Enginers in awarding 
their highest honors and medals to Pro- 
fessor Armstrong. 

The advent of 1917 found Armstrong in 
France as an army captain, later as a 
Major, with the United States Signal 
Corps, in charge of the technical end of 
Aircraft and Intelligence Radio. While 
serving in France he perfected his second 
invention, the superheterodyne circuit, 
magnifying the weak signals on the short 
waves thousands of times. This re- 
ceiving system^ was greatly superior to 
any development up to that time, and is 
still used today in almost all types of radio 
receivers. 

Armstrong’s development of the super- 
regenerative circuit, disclosed in 1922, was 
his third great invention. The super- 
regenerative was the means of increasing 
the sensitivity of the regenerative some 
thousands of times above that normally 
obtained by means of simple regeneration, 
and made possible exploring and develop- 
ing the short-wave channels, notably for 
two-way police and military communica- 
tion systems. 

Armstrong secured patents for hi.s wide- 
band frequency modulation invention, his 
fourth outstanding contribution to radio 
and to the world, in 1933. Through “FM.” 
static was conquered, ultra-high-fidelity 


broadcasting was made practical, and 
there was opened the heretofore restricted 
territory of United States radio to the 
development of more stations and more 
networks. 

Among the honors accorded Major 
Armstrong are the Doctor of Science 
Degree from Columbia in 1929 and from 
Muhlenberg College in 1941 ; the Medal 
of Honor of the Institute of Radio Engi- 
neers in 1917; the Egleston Medal of 
Columbia University, 1939; the Holley 
Medal of the American Society of Me- 
chanical Engineers, 1940 ; the Franklin 
Medal of the Franklin Institute, 1941 ; 
and the John Scott Medal awarded by the 
Board of Directors of the City Trusts, 
City of Philadelphia, 1942. The French 
government made him a Chevalier de la 
Legion d’honneur in 1919, and he re- 
ceived one of the 19 national awards of 
“Modern Pioneer” by the National Asso- 
ciation of Manufacturers in 1940. 

Major Armstrong may be found at al- 
most any hour of the day in his office or 
in his laboratory in the Philosophy Build- 
ing at Columbia. He is neither difficult to 
find nor hard to see. Rejecting any attri- 
butes of genius, Major Armstrong attri- 
butes his success in no small measure to 
“luck, plus a tremendous amount of hard 
work.” His large, well-knit frame be- 
speaks the outdoor man rather than the 
laboratory worker. Armstrong’s energies 
these davs are now devoted almost entire- 
ly to aiding in the war effort — “inst like 
everybody else,” in bis own words. 


2 « 


JUNE 1943 • SCIENTIFIC AMERICAN 



99TH 

YEAR 


JUNE 
19 4 3 




GORILLA ROUND-UP 

Concerning Each of the Sixteen Living Gorillas in these United States 

ROGER CONANT 

Curator, Philodalphio Zoologicol Oordan 


A merica didn’t become gorilla cun- 
i scious until a circus bought a 
.specimen called Buddy, rechristened him 
Gargantua the Great, and ballyhooed him 
all over the country. Thanks to circus 
publicity and the fact that, until recently, 
he was the only portable gorilla in capti- 
vity, Gargantua is better known than all 
other gorillas put together. His popularity 
IS a real tribute to his press agents, for 
there are no less than 16 gorillas in the 
United States. 

Despite his wide notoriety, Gargantua 
IS not the largest gorilla in captivity, nor 
the oldest, nor the one which has lived 
longest outside of the African jungles. 
Animals now residing in American zoos 
are the holders of all these records. 

Ngagi, who lives in the San Diego Zoo, 
tips the scales at the incredible weight 
of 635 pounds, the greatest ever officially 
recorded for any gorilla. Ngagi, Cincin- 
nati’s Susie, and Philadelphia’s Bamboo, 
each estimated to be 17 years of age, all 
are tied for the honor of being the oldest 
individuals in captivity. Bamboo also holds 
the record for longevity ; on August fifth, 
this summer, he will have survived 16 
years of civilization. 

Gorillas are found only in Africa and 
two subspecies are recognized, each con- 
fined to its own special area. One, the 
Coast Gorilla, inhabits the hot, tropical 
rain forest along the Gulf of Guinea, and 
the other, the Mountain Gorilla, lives 600 
miles away in the mountains of the 
easternmost part of the Belgian Congo. 

Between the two beasts, coastal and 
mountain, there is little to choose. Each 
attains the same size and the technical 
distinctions for telling them apart consist 
chiefly of comparative measurements and 
anatomical features, points which can be 
determined with accuracy only after the 
animal is dead. In general, though, the 
mountain gorilla has longer, heavier hair 
and is more showy and desirable for 
exhibition. When accurate information is 
available on just where an individual was 
captured, one can class a specimen imme- 
diately, but coastal gorillas also inhabit 
mountains in certain parts of their range. 
This leads to confusion and probably more 

from Panns, tMiblltliad by tH« Zooleeical 
Sociofy of 


than one bo-called mountain gorilla actu- 
ally belongs to the other race 

Determining sex in gorillas is almost 
as difficult as attempting to classify a 
specimen of doubtful origin. Males and 
females look much alike and more than 
one lamentable mistake has been made 
Martin and Osa Johnson sold a pair of 
gorillas to the San Diego Zoo in 1931 ; 
n9w both are known to have been males 
Massa was delivered to the Philadelphia 
Zoo as a female, but “she” turned out to 
be “he.” When the circus acquired M’Toto 
as a mate for Gargantua, the skeptics 
began shaking their heads, but it is now 
generally agreed that this animal is a 
female. 

T he anthropoids have a propensity for 
contracting human diseases and doubt- 
less this weakness, plus faulty dietetics, 
contributed most to the early lack of 
success in keeping them at zoos In an> 
event, every gorilla transported from its 
native habitat died in short order — that 
IS, until recently. Nowadays more is 
known about keeping them alive and 
healthy, and there are now no less than 
13 of the great beasts in American zoos, 
plus the two in the circus and one in pri- 
vate hands 

Ngagi, the 635-pnun(l champion, is the 
undisputed leader when it comes to size 
He lives in the San Diego Zoo and stands 
five feet, eight inches high in hfs un- 
stockinged feet. Although well-propor- 
tioned, he has the appearance of an ob«6c 
gentleman who dotes on cake and ice 
cream and who gets most of his exercise 
pushing himself away from- the table. 
Briefly and unreservedly, he is immense. 

Ngagi and the late Mbongo were cap- 
tured as youngsters by the Martin John- 
sons and both definitely have been iden- 
tified as mountain gorillas. They were 
playing together when found and were 
constant companions until March, 1942, 
when Mbongo succumbed to San Joaquin 
disease after a brief illness. They slept 
and ate their meals in separate quarters 
but they played and wrestled together 
every day, although, in keeping with their 
great weight and dignity, they were not 
so active and playful in recent years as 
they used to be. Ngagi is now living alone, 


but the young female gorilla, Kenya, 
recently acquired by the San Diegi^ Zoo, 
someday will be his mate. 

Like all gorillas, Ngagi is a vegetal lan, 
consuming 30 pounds of fruit and vege- 
tables daily. Special visitors to the San 
Diego Zoo are taken behind the si enes at 
bed time when the big fellow receives 
his evening meal and is locked in his 
sleeping quarters for the night Close 
mesh wire makes it impossible for him to 
reach out, but it gives visitors a leal 
thrill, nonc-the-lcss, to stand inches away 
from the monstrous animal. With fingers 
as big around as a w'oman’s wrist, he 
daintily removes every speck or blemish 
from his food. He lies down or rests on his 
elbows while eating and the entire ptor- 
ess is one of enjoyment, accompanied by 
much smacking of lips. Carrots, potatoes, 
and apples he peels with his teeth care- 
fully and with little waste, the rinds of 
citrus fruits also are discarded. He prefers 
his bananas green and bitter, sour grape- 
fruit iKjthers him not in the least 

A n ingenious method of weighing the 
gorillas was adopted years ago and 
It is still possible to obtain accurate 
weights at regular intervals by following 
the same procedure, A panel, cut in the 
bottom of the door adjacent to the sleep- 
ing quarters, admits the platform of an 
ordinary warehouse scale. By offering 
Ngagi food, he can be induced to step 
upon the platform to be weighed 
Chicago has the distinction of exhibiting 
twice as many gorillas as any other city 
A fine big male, named Bushman, lives 
in the Lincoln Park Zoo, and the Chicago 
Zoological Park, in suburban Brookfield, 
boasts a male and two females, Sultan, 
Suzette, and Miss Congo. 

Bushman is a burly brute. Like all 
other gorillas in captivity, he came into 
human hands as a youngster. Today, 
standing six feet in height and weighing 
473 pounds, he little resembles the tiny 
mite whom native women nursed w'hen 
he was captured in the jungles of the 
French Camcroons. 

Upon his arrival in Chicago in 1930, 
Bushman was very friendly, and the keep- 
ers delighted in taking him for romps on 
the lawn. In their spare time they taught 
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him to wrestle and to play football. 
Wrestling came naturally to him, and it 
didn’t take long for him to master the 
arts of tackling and running with the 
ball. Had he exhibited anything approach- 
ing human intelligence, he might have 
been in demand for the teams of “dear old 
Siwash,” but unfortunately his brawn 
grew faster than his brain power. In due 
time, figuratively speaking, he was putting 
the keepers’ shoulders, to the ground far 
more often than the other way around. 
One day he caught an attendant off guard. 
Employing his best wrestling technique, 
Bushman threw the fellow to 
the ground with such force 
that it was indeed lucky he 
landed on his shoulders rath- 
er than on his head. The gor- 
illa stayed in his cage after 
that and he has not been out 
of it since, except in 1939, 
when he was transferred t(j 
new and stronger quarters 
One of the features of his 
new home is a huge steel 
chair on which he sits occa- 
sionally. When he does, his 
weight registers on a dial 
visible to the public. 

Sultan, Su/ette, and Miss 
Congo, the other Chicago 
gorillas, all are youngsters 
They live together in a big 
cage and, like children, they 
enjoy playing. A favorite 
pastime is to jump off a see- 
saw and let their partner get 
bumped. The play device they 
enjoy most is a tub set u]) 
under a shower bath, which 
they operate themselves by 
pulling a chain. They play 
pickaback, but Sultan is al- 
ways the passenger for he 
is by far the smallest of the 
trio. The two females, both 
nine years of age, weigh 
about 220 pounds each, while 
he is only seven and weighs 
about half as much Miss 
Congo is the ruler of the 
roost and she used to give 
Sultan a drubbing every time 
they weie together. Su/ette, 
with better mother instinct, 
takes Sultan’s part and at the 
picsent time, things are progressing 
amicably 

Cincinnati claims the only educated 
gorilla in captivity. Surely, Susie’s ac- 
complishments merit acclaim, for she sits 
at a table and eats her meals with her 
keeper, rings a bell for service, and shows 
a remarkable aptitude for handling a fork 
or 4 spoon. Despite her age and size — 
she is 17 and weighs 400 pounds — she is 
remarkably tame and her keeper enters 
her cage regularly. Because of her docility 
she is the oijy living gorilla for which 
accurate dimensions arc available. Accord- 
ing to recent measurements, she is five 
feet tall and her reach, with arms out- 
stretched, is Synches from fingertip to 
fingertip. fHcr neck measurement is 25 
inches, chest 56, waist 64, right arm 
(around the biceps) 19^, wrist 13, calf 
1554, hand (across the knuckles) 7*4, 
foot (heel to toe) IOV 2 . She certainly is no 


contender for the title of Aliss America. 

Susie is a coast gorilla and was ex- 
ported from the Congo to Germany in 
1927. Subsequently she was exhibited in 
Hamburg and Paris. Her trip to America 
in 1929 was the most unusual ever ac- 
corded to any gorilla. Her passage was 
booked, for $1000, aboard the Craf /c/>- 
pelin, and she was one of the passengers 
on the big ship’s maiden crossing 

Each of the tw'o gorillas in the Phila- 
delphia Zoo, Bambfio (see front cover 
photograph) and Massa, has quite an in- 
teresting history. Bamboo’s point of origin. 
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Philadelphia Zoo’s 375-pound Masso, o show-off 

as is the case with niuist animals secured 
fiom dealers, is rather vague. He had 
three owners befoic reaching Philadelphia 
and most of his early history was lost in 
the process of changing hands. Quite 
definitely, he is a coast gorilla. 

Upon his arrival, Bamboo weighed 
only 11 pounds and he fitted snugly in- 
side the suitcase which served as his 
traveling compartment. With him, in an- 
other suitcase, was a young chimpanzee 
named Lizzie, who was his playmate for 
many years and whose constant antics 
kept him physically fit and on his toes. 
Since he was the first gorilla to live in 
America for any length of time, Bamboo 
attracted wide attention and there is a 
complete record of his early years and 
growth. 

Eventually,, he far outgrew Lizzie and, 
tiring of her play, be put her in her place. 
In time it became necessary to remove her. 


and for awhile Bamboo lived alone and 
liked it — to judge from all the interest 
he took in his neighbors. Then, just after 
Christmas in 1935, Massa arrived. After a 
period of introduction, which lasted sev- 
eral months and during which the two big 
animals were i)ermitted first to touch 
fingers, then hands and arms, they were 
allowed to enter the same cage together. 
Massa, although .smaller than Bamboo, 
took the lead at once and for a few days 
he was king of the cage. Finally Bambw 
gave him a clip across the head and orders 
were issued to separate the two per- 
manently. 

Bamboo has an amusing, 
although unpleasant habit. 
He delights in throwing 
things and, after years of 
practice, he has developed an 
underhand pitch with mar- 
velous speed and control. 
Usually he confines himself 
to throwing handfuls of 
gravel but occasionally he 
tosses a banana or a tomato, 
with disastrous results. A 
wire fence around his cage 
helps to protect visitors, but 
news - photographers, who 
must go inside the barrier 
and for whom he appears to 
entertain a special dislike, 
are out of luck unless they 
are adept at dodging. On his 
last birthday he scored a rec- 
ord by splashing five of them 
with a single, well-aimed 
watermelon. 

At present Bamboo weighs 
about 435 pounds, which 
represents very little change 
ill the past few years. He 
may now have reached his 
limit but, judging from the 
rapid way in which he gains 
weight if his rations are 
increased, it is believed that 
50 pounds could be added to 
his bulk in short order, if 
he were allowed to cat his 
fill. In the interest of main- 
taining him in the best of 
health, such an experiment 
will not be tried. Bamboo 
probably preserves more of 
the dimensions of a wild gor- 
illa than do his more corpulent contem- 
poraries in other zoos — and in the circus 
Massa was raised in a private home in 
company with Gargantua. As a youth 
he had the nm of the house during day- 
light hours and great was the mischief 
into which he managed to get. He de- 
lighted in removing the pictures from the 
walls and enjoyed helping his mistress, 
Mrs. Gertrude Lintz, of Brooklyn, in 
scrubbing the floors. It was while en- 
gaged in just such an activity that a seri- 
ous accident occurred. While handling the 
mop, Mrs. Lintz slipped and accidently 
struck Massa in the leg. He turned on her 
and bit her severely. Not long afterward 
he was offered to the Philadelphia Zoo. 

Massa is an inveterate chest thumper 
He delights in standing erect for a few 
moments, meanwhile beating a lively 
tattoo on his chest with his partly clenched 
fists. He is a show-off and amuses the 
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crowds of visitors by dashing around his 
cage with a flat-footed shufile. Ripping 
burlap bags is one of his pastimes. An- 
other is to seize the gymnasium ring 
mounted on a chain and slam it against 
the cage bars. 

Both Massa and Bamboo have learned 
to eat meat and they enjoy the fair frac- 
tion of a pound of raw hamburg or cooked 



CovrtMy Zoolofliccri Socittfy of Son Mom 

Mbongo of Son Diego Zoo wtigMd 
618 pounds before he recently died 


liver which they receive almost daily. 
Other gorillas also like meat occasionally 
but, in the mam, all are vegetarians. 

Massa’s exact point of origin is un- 
known, as is the case with most of the 
other gorillas, and while he is supposed 
to be of the mountain type, some doubt 
has been cast upon this. Perhaps his 
identity will not be determined with ac- 
curacy until after his death, when de- 
tailed measurements can be made. 

D espite predictions that the war would 
cut off all importations of rare ani- 
mals, zoo history was made in August, 
1941, when no less than eight gorillas ar- 
rived in the United States, all at one time. 
The prime reason for the sudden influx 
was the relaxation of strict regulations 
which have, for many years, prevented 
the mass exportation of the rarer African 
animals. The newcomers were snapped up 
like hot cakes and five of them sur- 
vived. Kenya, of the San Diego Zoo, is 
one of them; Oka and Makoko, of the 
Bronx Zoo, and Phil and Mattie, of the 
St. Louis Zoo, are the others. All are 
thriving, and already they are taking their 
places as foremost zoo citizens. 

One gorilla, Du-du, imported late in 
1942, still is in private hands. Were it not 
for the fact that several of her eight pre- 
decessors did not live, Du-du probably 
would now be living in a zoo or circus. 
The uncertainty of war conditions and the 
possibility that gasoline rationing may 
decrease attendance, and thus lessen in- 
come, have made zoo officials a bit chary 
about acquiring another expensive speci- 
men. Du-du is an infant, as great apes go, 
being only three years of age, but the 
chances are that before many months have 
passed she, too, will be on public exhibl- 
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tion somewhere in a zoo or circus. 

Both of the two remaining gorillas in 
the United States belong to ‘The Greatest 
Show on Earth.” Care, comfort, and 
publicity have been lavished upon them 
and there are few persons who do not 
know at least something about them. They 
travel in air-conditioned cages and 
are sonorously and extravagantly billed 
as “Mr. and Mrs. Gargantua,” and, with- 
out a doubt, are the greatest attraction 
in the entire Ringling Circus. Both were 
raised in the lap of luxury. 

Gargantua, who started life as Buddy, 
lived in Brooklyn with Mrs. Lintz and 
Massa. On shipboard en route to America, 
he suffered severe acid bums on his face 
and chest, resulting in scars which help 
a great deal in his billing by the circus as 
“The World's Most Terrifying Creature.” 
Several times he has managed to lay 
hands upon circus employees, never with 
fatal results, but his cage has been rebuilt 
to prevent future accidents. He is a big 
fellow and, while competent judges won't 
admit that he weighs as much as is 
claimed for him — well in excess of 500 
pounds — he is a splendid specimen and, 
like most circus animals, in the pink of 
condition. Getting him to do his keeper's 
bidding is well-nigh impossible, but he 
still can be jockeyed into a small com- 
partment at the end of his cage by show- 
ing him a snake. Like many other pri- 
mates, he has a distinct dislike for ser- 
pents and he gets as far away from them 
as possible. 

Mrs. Gargantua, nee M'Toto, is a wife 
in name only. As yet she has not been 
near her intended spouse, except to look 
at him through the bars of her cage and 
throw back the garbage which he tosses 


at her. The circus people say that it will 
be a year before they will risk allowing 
the two together. 

M 'toto is the most roly-poly gorilla 
imaginable. She is as broad as she is 
long and could give the circus fat lady a 
run for her money. Accustomed to being 
waited upon since infancy, she will accept 
only such foods as she chooses# These 
are cooked especially for her and her 
menu includes a long list of custards and 
purees. She was raised by Mrs. E. Ken- 
neth Ho)rt, who took her to Cuba when a 
child specialist in Paris advised a more 
equable climate for the then young gorilla. 
M'Toto had the run of the Hoyt estate 
for a time, and Mrs. Hoyt and the keeper 
can do almost anything with her. 

And that completes the roster. Every 
one of the 16 is a champion in its own 
right, at least in the eyes of its owners. 
Each appears to be in the best of health 
and destined to live for years to come. 

Everyone hopes that they will, for the 
time may come, and not too far distant, 
when gorillas may be a thing of the past 
Already they are rare and the relaxation 
of the laws protecting them, resulting 
from the present chaotic conditions, has 
permitted raids upon their numbers which 
would not have been tolerated under nor- 
mal circumstances. Several years ago most 
of the European nations with colonies 
in the Dark Continent agreed to prohibit 
the exportation of many rare African 
animals, including the gorilla. 

Possibly within the next few decades 
the only gorillas remaining alive will be 
the few which survive in zoos. More than 
one spectacular mammal has succumbed 
to the inexorable advance of “civilization.” 


NAME 

Sex 

Weight 

Year of 
Arrival 

Estimated 

Age 

BAMBOO 

Philadelphia Zoo 

Male 

436 

1927 

17 

BUSHMAN 

Lincoln Park Zoo 

Male 

516 

1980 

15 

DU-DU 

Private Owner 

Female 

87 

1942 

3 

GARGANTUA 

Circus 

Male 

660 

1937 

13 

KENYA 

San Diego Zoo 

Female 

160 

1941 

8 

MAKOKO 

New York Zoological Park 

Male 


1941 

5 

MASSA 

Philadelphia Zoo 

Male 

875 

1985 

18 

MATTIE 

St. Louia Zoological Park 

Female 

140 

1941 

6 

MISS CONGO 

Chicago Zoological Park 

Female 

220 

1936 

9 

M’TOTO 

Circus 

Female 

400 

1941 

12 

NGAGI 

San Diego Zoo 

Male 

685 

1981 

17 

OKA 

New York Zoological Park 

Female 

48 

1941 

8 

PHIL 

St Louie Zoological Park 

Male 

60 

1941 

4 

SULTAN 

Chicago Zoological Park 

Male 

120 

1937 

7 

SUSIE 

Cincinnati Zoo 

Female 

400 

1981 

17 

SUZETTB 

Chicago Zoological Park 

Female 

220 

1986 

9 


Tilt 16 living goriHtt in fit Unifrtd Stntts 
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Where War Surprises Are Born 

New Weapons and Standardized Maintenance Methods 
Are Developed at a Center in the United States 


MERRILL FOLSOM 


N OW that tlie M7, the surprise weapon 
that hrst sent Marshal Rommel 
reeling on the African front, has seen 
the smoke of battle and is no longer held 
secret from the enemy, the evolution of 
this now famous tank killer and fortress 
blaster can be related. 

It IS an evolution sired by the changing 
demands of modern battle and nurtured by 
American manufacturing ingenuity; it is 
typical of the life stories of many new 
weapons, still clothed m military secrecy, 
that are flowing from our factories to 
armies of all the Allies. 

When Rommel caught British forces by 
surprise on the Libyan desert m the 
Autumn of 1941 by suddenly using 88- mm 
cannon to shatter tanks and blast vital 
gun-emplacements, the news was flashed 
by U. S. observers to Army G-2 head- 
(juarters m Washington. The Nazi cannon 
were not .self-propelled, but their fire- 
power was so superior that the elephan- 
tine battle-wagons of the British often 
were left a shambles or sent scurrying 
for cover. 

Flaving long been aware that keeping 
a jump ahead of the Nazis in the clcveL 
opment of better armaments w'as like 
playing leapfrog, Army engineers here 
were already working on a new weapon 
which consisted of the powerful 105-inm 
howitzer mounted on the highly mobile 
M3 medium tank chassis. 

The contrivance resulting from this 
marriage became known as the M7, 
a self-propelled weapon never before 
equalled in the world. It was capable of 
shattering objectives at distances of 
seven miles and then speeding at moie 
than 35 miles an hour to new places of 
vantage before dive bombers could locate 
it and shower missiles from the sky. 

The M7 appealed to oflicers of the 
Aimy Ground Forces and Ordnance De- 
partment as the ideal answer to the 
Rommel 88’s, .so it was labeled a “hot 
project’' for immediate action, in 16 
days final layouts for production models 
were drafted, and three weeks later the 
first M7’s were delivered at the Aberdeen 
Proving Ground in Maryland for testing. 

Part of the genius behind the develop- 
ment of the M7 was the fact that it was 
made of component parts which had 
hitherto been tested and standardized for 
other armaments, so after only minor re- 
visions in machine guns and armor the 
new weapons were soon going secretly 
overseas in quantity. 

Before the end of 1942 they were hit- 
ting Rommel hard on all the African 


fronts, serving as tank killers by firing 
armor piercing shells and as the Nemesis 
of the 88’s by firing high-explosive shells 
— all the time jockeying for position in a 
manner well beyond the capabilities of 
the immobile Nazi howitzers. 

Development work of the type which 
resulted in the M7 is conducted by the 
War Department's recently activated 
Tank- Automotive Center in Detroit. If a 
new variety of tank is needed for invasion 
of Europe, a lighter gun mount for tra- 
versing swamps of the Solomons, or a 
revised armored cai foi reaching moun- 
tain fastnesses of Burma, the job of de- 
signing and producing the conveyors of 
cyanide devolves upon the TAC. With so 
many of the Allies relying on us for war 
machinery, the job has become colossal. 

I he production of Ordnance materiel has 
liseti 71,000 percent in 30 months; present 
contracts at the TAC total $25,000,000,000. 

I N THE program are many surprises for 
Hitler, Hirohito, and Mussolini. One 
mentioned by Major Gen. Levin H. 
Campbell, Jr, Chief of Ordnance, is a 
240-mm. howitzer capable of shooting a 
350-pound TNT shell with sufficient ac- 
curacy “to lay it right on the city hall 
steps.” 

The TAC is a slice of the War De- 
partment, lifted from the congested banks 
of the Potomac and placed in the center 
of the automotive industry of Michigan. 
It is a concentration of 99 percent of all 
the tank and automotive work of the 
Ordnance Department, and serving at its 
headquarters are numerous liaison oflicers 
of the British, Russians, Chinese, and 
other Allies who get American mechan- 


ized legs to speed their fighting armies. 

Work of the TAC spans the world. 
In addition to keeping in constant com- 
munication with task forces across the 
seven seas, it tests its tanks and vehicles 
in the heat and sand of California, on 
the beaches of Florida and Maine, in the 
snows and rocks of Colorado, on the 
blizzard-swept plateaus of Manitoba, and 
at the wide expanse of Aberdeen. 

The modern and balanced team of ve- 
hicles handled by the TAC includes items 
ranging from 60-ton tanks to feather- 
weight military bicycles. On the list aic 
complete assortments of light, medium 
and heavy tanks, reconnaissance vchicle.s, 
jeeps, amphibians, scout cars, gyro-stabi- 
lized tank guns, command cars, self- 
propelled artillery and anti-aircraft wea- 
pons, cargo vehicles, personnel carriers, 
and motor transport vehicles. In all, there 
are more than 200 varieties of tanks and 
wheeled vehicles. 

N ot the least of the TAC’s problems is 
that of standardization and simplifi- 
cation of vehicles — a subject that sounds 
minor and until the war became global 
failed to make much impression on some 
Army officers. But with the war now 
conducted on far-flung battlefronts, re- 
quiring supply and repair depots at every 
scene of operation, standardization of 
parts has become a problem of first 
magnitude. 

At one time the primary aim was to 
get serviceable vehicles into action as 
swiftly as possible, regardless of how 
much uniformity of design existed. Quan- 
titatively this was a good job, but the 
result was that so many varieties of 
vehicles were reaching war zones to per- 
form the same type of service that the 
maintenance problem became unnecessar- 
ily acute. 

Every tank or truck with a different 
type of engine, axle, transmission, wheel 
bearing, or chassis needed different spare 
parts and tools, as well as specially trained 
maintenance crews. An average tank has 
30,000 parts and 200 special tools. Multi- 
plying these figures by the number of 
variations in component parts — parts 
which could often be identical— carried 
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the maintenance problem into astronomical 
digits and left many supply depots issuing 
cries of anguish instead of spare parts. 

After serving eight months on African 
deserts, Lieut. Col. Joseph M. Colby, 
chief of the TAC*s Development Branch, 
returned to this country and remarked: 

*‘Our greatest thrill in Egypt came at 
a time when we received a set of major 
overhaul tools for the Continental engine. 
Our greatest disappointment occurred 
when we opened that package and found 
that this lovely set of American tools 
was for the Guiberson Diesel engine. We 
had no Guiberson Diesel engines in Egypt. 

“The greatest improvement which we 
can now make in simplifying our 
maintenance problem is the simplification 
of the equipment to be maintained. In a 
theater of operations we can train men to 
take care of one engine and we can fur- 
nish tools and spare parts for one engine, 
but if this one type of engine is increased 
to three or four different types, it means 
that the burden of each of the essential 
elements of maintenance — trained men, 
spare parts, tools, and facilities — is in- 
creased in direct proportion to the num- 
ber of different items to be maintained/' 

A n early step in the standardization 
move was to establish a simplification 
section in the TAC, with Lieut. Col. 
Frank A. Mickle, former associate pro- 
fessor of mechanical engineering at the 
University of Michigan, heading the 
group. Standardization of the tank engine 
was one of the first objectives, and one 
engine soon was chosen for mass produc- 
tion. 

The TAC has five branches. Develop- 
ment being the first to deal with a new 
vehicle. The next is Engineering, which 
determines the serviceability and main- 
tainability of new types of equipment. 
Then come Manufacturing, charged with 
having vehicles produced by private 
manufacturers and arsenals from coast to 
coast ; Supply, which must have the 
finished materiel delivered to task forces 
throughout the world in proper quanti- 
ties and at proper moments; and Main- 
tenance, charged with the enormous job 
of keeping rolling stock rolling. 

Detroit was already teeming with activ- 


WAR 

ily when the TAC arrived in town, and to 
secure office quarters it was necessary 
for the War Department to lease the 
Union Guardian Building, a 40-story 
downtown office structure then occupied 
by 160 private tenants. But this space 
was not enough, so several floors in the 
near-by Buhl Building and in the Fisher 
Building uptown were also taken. 

To house some of the 400 Army offi- 
cers and 3600 civilians who came from 
every state to work at the TAC, the 
government obtained 500 rooms in hotels 
such as the Book-Cadillac, Statler, and 
Fort Shelby, paying half tlie rent and 
allowing the workers to occupy the rooms 
for ten or fifteen days by paying the 
other half. At the end of that period 
the workers had to find permanent lodg- 
ings, and to ease the rent burden the 
TAC obtained occupancy priorities on 
apartments in several low-cost housing 
developments. 

In line with its policy of assigning to 
industry as large a role as possible in 
the conduct of the war, the Army in- 
stalled Brig. Gen. Alfred R. Glancy as 
Deputy Chief of Ordnance in charge of 
the TAC. He is an old-time automobile 
manufacturer, having been president of 
the Pontiac Motor Car Company and a 
vice president of General Motors, and he 
was partly responsible for the industrial 
success of southern Michigan. 

N o STICKLER for military formalities, and 
thoroughly irked by duplications of 
effort in some government offices, General 
Glancy is running the TAC as he would 
an automobile company. His aides may 
have hififh military rank, but in the 
armament production cycle they are just 
hired hands. Task forces are his clients. 
And the shortest distance for him be- 
tween two points is a straight line, by- 
passing organizational flubdubbery and 
bureaucratic protocol by a method which 
he whimsically calls “Mrs. Glancy's treat- 
ment." 

The general shuns armed guards. A 
badge system of identification for his 
civilian workers, designed by old-lime 
Army officers after the fasliion of a sys- 
tem used to protect offices in Washington, 
was short lived when General Glancy be- 


gan his corner-cutting. He can get much 
more excited over a discovery that one 
type of grease can be used in a tank 
which hitherto required five types than 
he can over a discovery by some highly- 
schooled officer that secret documents are 
being stamped with green ink instead of 
specified red ink. This attitude mystifies 
some Army men. 

His desire for efficiency ahead of pro- 
tocol is catching. When a school for 
mechanics in one of the Ford factories 
needed five engines for study — engines 
which were rolling off an assembly line 
a few hundred feet away — Army regula- 
tions required that the engines be shipped 
first to the Rock Island Arsenal, from 
which the school could requisition them. 
The Glancy treatment was used by aides, 
however, and the five engines were rolled 
across the floor to the school, leaving the 
formalities for some one else to worry 
about when inventories arc taken. 

T hese shortcuts occasionally lead to con- 
fusion. The librarian of the TAC was 
moved 19 times during the “shaking 
down” process in the Union Guardian 
Building, and then one Saturday after- 
noon General Glancy decided there was 
no need for the library anyway. In 20 
minutes books and pamphlets were torn 
from the shelves, ending three mcjnths of 
work. But on the following Monday 
morning the general was convinced tliat 
the library had some value and should 
be restored. William Schild, the librarian, 
put things back in shape. Not long after- 
ward, however, he was moved the twen- 
tieth time and decided to leave the TAC 
and return to his former job as sales 
manager of a Chicago paper company. 

Brig. Gen. John K. Christmas, long an 
authority on tanks, is Deputy Chief of 
the TAC, and the general staff includes 
a mixture of men whose fighting experi- 
ence goes back to 1917 and others who 
have just stepped from executive offices 
of the large automobile companies into 
uniforms of captains, majors, and lieuten- 
ant colonels — and higher. 

Among these new officers arc Lieut Col 
Benjamin Ourisman, who liad one of the 
largest automobile agencies in the world; 
Colonel Graeme K. Howard, former vice 
president and overseas manager for Gen- 
eral Motors, and Lieut. Col. Felix Doran 
Jr., former manager of the Fleet Division 
of General Motors. In addition. General 
Glancy brought to his civilian staff such 
men as Lee Anderson, long a kingpin in 
the advertising work of General Motors, 
Chrysler, Hupp Motors, and Packard. 

Typical of the experienced Army men 
who are being shoved to the top in the 
TAC is Colonel Colby. Thirty-eight years 
old and of almo.st Ixiyish appearance, he 
was graduated from West Point in 1929, 
served in the air corps and cavalry and 
then went to work in earnest on tank 
design. In 1933 he helped perfect the first 
modern tank, known as combat car T4, 
which had the first radial aircraft engine 
used in a tank, rubber jointed tracks, and 
a controlled differential that permitted 
smooth steering. Compared with the 4 to 8 
mile-an-hour speed of the World War 
tanks, the T4 could travel 55 miles an 
hour on wheels and 37 on tracks. 
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Colonel Colby's wrath rises when he 
hears of Army men who believe the tank 
IS the only important vehicle in modern 
battle and that heavy artillery should 
still be pulled muzzle backward by sepa- 
rate tractors instead of being mounted on 
tank chassis. From his experience as a 
boxing champion at West Point and as a 
cavalryman in the field, Colonel Colby 
gained firm convictions that maneuvera- 
bility and unification of all offensive forces 
is imperative. 

“The principles of war do not change,” 
he said. “After my observations of opera- 
tions in the Middle East and after having 
closely studied German moves in the low- 
lands, France, Poland, Czechoslovakia, 
Norway, and Russia, 1 am convinced that 
the principles of war have not changed 
^ince the day Alexander rode at the head 
of his heavily armed cavalry. 

“Security, reconnaissance, mass movC’ 
ment, and reserve hold their same im- 
portance. The only thing that is new in 
this war is speed. The tank has entered 
the battlefield and has changed the pace 
fiom that of the foot soldier to that of 
the mechanized vehicle. 

//■p HE backfield men of a football team 

I are its most spectacular players 
They get all the publicity and, therefore, 
there is a common tendency among most 
young people to want to he quarterbacks, 
halfbacks, and fullbacks. But any one 
who has played the game knows that the 
success of the quarterback is based on 
the efficient tunctioning of the ends, the 
tackles, the guards, and the centers, and 
their coordinated operations as a team 

“Because the tank has been the pace- 
setter of this highly mobilized war, publi- 
city has been centered on the tank, with 
little publicity given to the other members 
of the combat team which enable the tank 
to become effective. If a quarterback is 
able to run faster, it is essential to give 
him fast interference. Because the tank 
has increased the pace of the battlefield, 
it is essential that the speed of the other 
elements of the combat team — reconnais- 
sance, communication, support artillery, 
and others — be likewise increased” 

Co-operating with the TAC are nu- 
merous civilian and governmental agen- 
cies. The Industry Integration Commit- 
tees, comi>osed of leading industrialists, 
handle specific problems such as allocation 
of alloy steels, tools, dies, armor plate, 
and tank tracks. They keep industry 
operating like one large family, pooling 
re.sourccs and headaches ; they enable 
manufacturers to deal directly with one 
another, swapping parts, raw materials, 
machine tools, and improved methods of 
operation. 

The United States Tank Engine Com- 
mittee, with the beads of the larger a\ito- 
mobile companies as members, is per- 
forming a difficult job on tank engine 
improvement, standardization, and pro- 
duction. 

When Colonel Colby returned from 
Africa and reported that RommeVs early 
successes had been due to his emphasis 
on maintenance, using 20 percent of his 
entire army on repair work and being able 
even to restore broken tanks to service 
while battles were raging, new emphasis 


was placed in Detroit on schooling for 
United States maintenance men. 

The TAC consequently is collaborating 
now with the Military Training Division 
of Ordnance in promoting 13 large schools 
for the training of ordnance soldiers in 
the repair and maintenance of tanks and 
wheeled vehicles. Here, again, industry 
has been put to work. The schools are 
operated in automobile factories, with 
the companies furnishing all equipment 
as well as the teaching staff. 

“Got to be damned sure no Ixiy's ghost 
will ever say, Tf your training program 
had only done its job,’ ” is the slogan 
<^fnblazoncd on walls of these schools 

Bakers, lingerie salesmen, jewelers, 
pretzel makers, gasoline dealers, and 
grocery clerks are among the students 
who are learning, with a few weeks train- 
ing, to repair everything from a gyro- 
stabilizer to a 3000-pound tank track On 
completion of the course of study they 
are sent to Africa, Europe, Asia, and 
.\iistralia to keep the Armv’s marbinery 
running 

• • • 

DECKING MATERIAL 
Has Many Military and 
Industrial Usas 

Especially adapted to war and caign 
ships, a new lightweight decking mate- 
rial with myriad potential applications 
\Nas announced recently by the Goodyear 
Tire & Rubber Company. O. C. Pahline, 
manager of the company's flcH^iring depart- 
ment, said the new material is known as 
• Dektrcd ” 

Easily-applied and long-wearing, “Dek- 
tred” can be used on metal, wood, con- 
crete, and many other types of services 
where tests have shown exceptional serv- 
iceability. Under government and Good- 
year auspices, “Dektred” has been tested 
in temperatures ranging from 50 degrees 
below zero to 160 degrees above zero, 
Fahrenheit These tests showed, Pahline 
disclosed, that “Dektred” is unimpaired by 


cold It may soften slightly in high tem- 
peratures, he said, but returns to normal 
when temperatures are lowered. In other 
tests “Dektred” was described as com- 
pletely resistant to the action of oils, 
greases, gasoline, salt, sulfur, and cleans- 
ing detergents such as soap. 

It is produced in a thick liquid and is 
applied by spraying or with steel trowel. 
As it is self-levelling, repairs can be made 
with no appearance of patchwork, it is 
claimed. 

**SEA-$ICKNE$r MACHINE 
Putt Equlpmtnf Thraugli 
Stvtrt Paett 

I N ORDER to test various types of naval 
equipment and to make sure in advance 
that it will be able to withstand all the 
ups and downs of a warship ploughing 
through the high seas, a Scorsby testing 
device has been installed at a plant of the 
General Electric Company. 

One of our photographs shows this 
machine in use, with a development engi- 
neer risking sea-sickness by riding with 
equipment under test 
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Helium Aids in Weiding 

Method Requiring No Flux Gives Many Advantages in 
Welding Magnesium, Important in Aircraft Fabrication 


S. R. WINTERS 


L ike a two-edged sword, helium— the 
non-inflammable light-weight gas, of 
which the United States has a virtual 
monopoly — is now able, to function in the 
two-fold role of buoyiiilg up submarine- 
spotting blimps and of spee^ng the pro- 
duction of war-planes. The first-named 
use is according to normal practice;, 
whereas it is novel procedure to employ 
helium in a welding process in the manu- 
facture of aircraft 

A new welding torch and a method de- 
veloped by engineers of the Northrop 
Aircraft, Inc., make possible the new 
process of he)|pn welding. Somebody has 
said thaf'^ccess in life is the triumphant 
embodiment of many little things; sim- 
ilarly, some of our large airplanes involve 


the use of hundreds of thousands of tiny 
rivets. Hence the customary riveting pro- 
cedure has been cumbersome and time- 
consuming. 

The helium welding process renders 
possible and practical the fusion of in- 
flammable metals, such as magnesium; 
the latter, owing to its extreme lightness, 
is being employed increasingly in airplane 
construction. When utilized in the shape 
of sheets, as in the covering for wings, 
fuselage, and other parts of the flying 
machine, magnesium has heretofore ordi- 
narily been gas-welded, but now may be 
“Hcliarc” welded with no danger of en- 
trapping flux (as in gas welding) be- 
cause none is used, except that supplied 
by the action of the helium. Furthermore, 
the use of flux promotes corrosion, which 
makes for hazardous conditions on mag- 
nesium. 

When magnesium is blanketed with a 


covering of a monatomic inert gas, such 
as helium, it will not ignite. Also, accord- 
ing to welding authorities, magnesium 
and various alloys thereof, such as, for 
example, the different grades of “Dow- 
mctal,” rapidly lose their stiffness upon 
being Seated at relatively high tempera- 
tures. The new weld produced with the 
helium blanket, however, is said to be 
about equal in strength to the magnesium 
metal itself. Under service conditions, it 
has been determined that in the welding of 
magnesium the cast-structure of tlie weld 
has about 85 percent of the strength ol 
the originally wrought metal, in pounds 
per square inch. Since this new welding- 
torch process affords the means of mak- 
ing a magnesium weld wherein the area 
of the weld section may be increased ap- 
proximately 100 percent over that obtain- 
able by other methods, the weld portion 
is stronger than the adjacent material. 

To obtain the protective blanket of 
helium, the inventors of the process have 
designed a special electric torch having 
a hollow handle and nozzle through 
which the non-inflammable gas can be 
passed. The helium valve of the North- 
rop Heliaic welding torch is opened just 
before striking of the arc between the 
tungsten electrode and the parent metal 
Helium has more than five times the 
specific heat of air and when in motion 
forestalls the amassing of heat around 
the weld. Thus the welding process is 
surrounded by relatively cool atmosphere, 
affording a better fusion and penetration 
with less distortion than obtained in other 
welding processes. 

A sort of hit-and-run prcKcdure, the 
arc IS struck by a light brushing action 
and immediately drawn away from the 
metal. The “Heliarc" torch tips, soon to 
be available to the whole aircraft indus- 
try, are of three sizes, held at different 
angles of 40, 60, and 90 degrees. The 
new torch may be employed for pencil 
welding or, by means of a longer handle 
bar, a grip is available for heavy welding 
Another design of this torch, yet to be 
made available for the industry, is one 
that feeds the filler rod automatically, 
which is said to afford more uniform re- 
sults than when the present hand-fed 
rods are used. 

The general set-up for producing a 
butt- weld includes a pair of magnesium 
sheets which are held securely in a jig, 
the edges to be welded being scarfed. The 
angle formed by the latter is about 90 
degrees, this varying somewhat with the 
thickness and specific chemical structure 
of the magnesium or alloys being weld- 
ed. The lower edges of the scarfs are 
closely adjacent, and the sheets are usu- 
ally positioned in a horizontal plane, so 
that down-hand welding may be used, 
but there is no trouble in welding verti- 
cally or overhead. Just beneath the 
scarfed edges of the sheet is stationed a 
backing plate, ordinarily of steel and hav- 
ing a central semi -elliptical channel 
thereon, centered with regard to the 
aligned edges of the scarfs. The backing 
plate may, logically, be an integral part 
of the jig. For best results, the chilling 
effect of the backing plates on the weld 
can 'be reduced by suitable heat-transfer 
means, preferably electric, embedded in 
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Sectional drawing of one type of Heliorc welding torch, with electric conductor and helium duct in one covering 


the backing plate. On small jigs, heating 
with a gas torch is satisfactory. 

In this process of fabricating aircraft 
parts from magnesium, the most satis- 
factory results arc obtainable by feeding 
the filler rod into tbe molten pool at the 
edge of the arc. Inasmuch as the radiated 
heat from the arc heats the filler rod ex- 
cessively, an angle of 60 to 90 degrees 
must be kept between the rod and the 
electrode The latter varies in size from 
1/16 of an inch to 1/4 of an inch, depend- 
ing upon the thickness of the metal being 
welded and the heat necessary The torch 
IS held as near the weld as possible to 
insure the greatest effect from the helium 
as a preventer of oxidation and as a con- 
ductor of heat. Also, a short arc is 
desirable for best results, since gas holes 
or poor penetration may result from 
using too long an arc. 

The usual arc-welding machine, with a 
direct-current generator having a 150- 
ampere output, is preferable. Higher out- 
put machines, functioning at less than »300 


amperes, may be employed if lower am- 
perage ranges are obtainable. Obviously, 
an upright welding machine is desirable, 
so that a helium tank may be readily 
attached to it. Separate amperage and 
voltage regulators are not necessary but 
are helpful and these devices preferably 



This brokan Heliarc welded magnesium 
test specimen shows thot the weld is 
stronger thon odjocent porent metol 



Two types of Heliorc welds produced 
in joining Dowmetal-J tul^s with 
wall thicknesses of .040 of on inch 

should have a continuous sequence of five 
increments of current control. A 200- 
cubic-foot helium tank will, on the aver- 
age, do 35 hours of continuous welding 
with a medium-sized torch. Commercially 
pure helium is required. 

If the magnesium sheets vary in thick- 
ness from .040 to .10 of an inch, an open- 
circuit generator voltage of from 40 to 60 
volts is suitable, the amperage varying 
from 35 to 75 amperes, in accordance with 
tbe demands of the job. Helium is then 
permitted to flow at low pressure — >4 of a 
pound per square inch — through tbe noz- 
zle to emerge from the open end around 
the tip of the tungsten rod. Then the arc 
is struck against the object to be welded 
and, as previously mentioned, the mag- 
nesium-alloy filler rod is fed into the edge 
of the pool rather than into the scarf. 
The arc is moved to the bottom of the 
latter, then to the top of the bead, as the 
metal from the filler-rod is melted in the 
arc. This procedure insures complete 
fusion of the metal, the arc being main- 
tained close to the puddle formed by the 
metal melting from the filler-rod and the 
sheet edges. According to the inventors, 
the cold filler-rod should never touch the 



Htlitrc welding, illuttrafing use of bock-up strip ond ongle of filler rod 
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tungsten electrode and should not be used 
to form the puddle by an inexperienced 
welder; to do so will produce an unde- 
sirable gas pocket. The filler-rod is used 
simply to feed metal into the arc. The 
puddle is then formed by movement of the 
tungsten electrode, with the weld metal 
being directed in a flow from the side 
from the filler-rod. If these desired con- 
ditions prevail, the tungsten does not make 
deposits in the weld, but is transformed 
to tungsten oxide, and either vanishes as 
a gas or makes deposits on the magnesium 
sheets as magnesium tungstic oxide — 
dust scale which may be brushed off later. 
As a further contril^tion to more perfect 
welding, the end of the welding torch is 
so designed as to prevent oxygen from 
being drawn into the arc area by action 
of the outflowing helium. 

It is a comforting thought to envision 
the speeding up of fabrication in an air- 
plane factory in California as having a 
vital relationship to an offensive by Soviet 
Russia; to a sweep of English or Ameri- 
can bombing planes over German-occupied 
coastal cities or thousands of feet above 
the burning sands of the North African 
dessert. In this global war the successful 
welding of magnesium parts for airplanes 
in California is one of the links that will 
forge a weapon for the defeat of the 
aggressor nations, wherever their ugly 
and venomous heads may rear themselves 

• # • 

CORKS 

^G«w Apiilt’* Roots May 
Bo Soaroo of Sobstitoto 

Tests have been carried out in Jamaica 
with a view to using a locally grown plant 
as a substitute material for cork, say re- 
cent trade reports. 

This new product has been developed 
from the roots of a swamp plant known 
in Jamaica as “cow apple.” The botanical 
name of this plant, which is found in large 
quantities in the swampy areas around the 
island, is Annona palustris. 

Corks from this root have been made 
experimentally by one Jamaican firm. It 
is stated that they are not satisfactory for 
corking bottles of rum, but could probably 
be used for vinegar and similar liquid 
products . — The Chemurgtc Digest, 

INDUSTRIAL ANALYSIS 
Spttdftf by Utt pf 
Mast Sptetromstsr 

In A cLosEi.v guarded laboratory in the 
heart of a Philadelphia oil refinery, physi- 
cists have achieved a new triumph in 
the application of electronics to the war 
effort. The achievement is the industrial 
use of the mass spectrometer. The re- 
search organizations of The Atlantic Re- 
fining Company, and of the Consolidated 
Engineering Corporation have co-operated 
to bring this device to practical use in a 
manner which will expedite the manufac- 
ture of aviation gasoline. 

This development makes possible a 
marked improvement in the analysis of 


gases which arc used in making high- 
octane aviation gasoline and synthetic 
rubber stocks, and opens the door to un- 
limited research in these fields. In addi- 
tion to improving present production 
methods, it is expected that the mass spec- 



Accelereted monufochire of gosoline 
ond synthetic rubber is onticipoted 


trometer may pave the way for entirely 
new gasolines. 

The use of the mass spectrometer per- 
mits analysis of some gases that cannot 
be separated by distillation procedure. 
Such extension of the ability to determine 
hydrocarbons in gasoline may lead to the 
development of better, or even new gaso- 
lines The new method is eight times as 
rapid as the old, resulting in closer con- 
trol of plant operations, because rapid 
analysis of samples permits much more 
frequent testing and checking of plant 
equipment. 

Because of its importance to war pro- 
duction, the instrument is now being oper- 
ated under a policy which limits dis- 
closure of it.s results to those engaged in 
the national effort to manufacture greatly 
increased quantities of high-grade aviation 
fuels, and details of construction and 
operation arc blanketed under secrecy 
orders. Weighing slightly more than two 
tons, and small enough to fit into an 
ordinary-sized kitchen, the mass spectrom- 
eter looks like a high-powered radio 
transmitter. 

INVISIBLE **RAING0AT*’ 

Nbw Chtralgil Watorprooft 
Many KInBa of Maforlait 

An invisible “raincoat” which can be 
formed on cloth, paper, and many other 
materials by exposing them to chemical 
vapors, thereby making them water-re- 
pellent, has been developed in one of the 
General Electric Research Laboratories, 
Dr. William D, Gx>lidge, Director of Re- 
search, has announced. Many possible 
uses of this new method of waterproofing 
are now being studied. One of the most 
important so far is the treatment of cera- 
mic insulators for radio equipment used 
by the armed forces of the United States. 


Such insulators lose much of their 
electrical resistance when exposed to high 
humidity. This causes formation of a thin 
film of moisture on their surfaces and 
allows the currents to leak away. It has 
been the practice to coat them with wax, 
but the new chemical treatment is about 
nine times as effective, and its results are 
permanent 

The process was discovered by Dr. 
Winton I. Patnode, research chemist. 
Various chemicals arc used, one class 
being known as methyl chlor silanes. In 
a closed cabinet, the articles to be treated 
are exposed for a few minutes to vapors 
from such a compound. Then they arc 
taken out and, if necessary, are exposed 
to ammonia vapor. This is to neutralize 
corrosive acids which may collect during 
treatment 

Dr. Patnode is not able to explain 
exactly what happens in the process, but 
the result is that an extremely thin film, 
which resists wetting, is formed on the 
surface. This “raincoat” is so thin that 
its structure cannot be determined by 
chemical analysis. It cannot be seen under 
a high-powered microscope. But, what- 
ever its nature, it prevents water from 
spreading to form a continuous film. If 
moisture does collect, it is in the form 
of small isolated drops. In the case of the 
ceramic insulators, these do not allow 
electricity to pass because they arc sepa- 
rated from each other. 

The treating liquid vaporizes at a tem- 
perature below the boiling point of water 
However, the water-repellent film is not 
volatile, but remains permanently. It is 
not affected by temperatures as high as 
550 degrees, Fahrenheit, applied for short 
intervals, nor by cleaning fluids such as 
carbon tetrachloride, naphtha, or gasoline. 
It is only mildly affected by continuous 
exposure to sun and rain. 

FLASTIO FORMS 
Rival Sttfl la ToaghnatSi 
Art Math Llgbttr 

A PLASTIC which, it is predicted, will 
increase airplane production by 50 percent, 
has been developed in the chemical engi- 
neering laboratories of Columbia Uni- 
versity, in co-operation with plastic manu- 
facturers and plane producers. The ma- 
terial will be used in making forming 
blocks, dies, and jigs upon which the 
metal parts of airplanes are fabricated It 
has been found far superior to the present- 
day materials used for the same purpose 
such as wood, steel, and various alloys. 
The tough characteristics of the plastic’ 
such as high impact strength, hardness, 
low compressibility and durability, make it 
rival steel in many respects, but with 
only one-fifth of its weight. 

This new plastic, known as Thermo- 
Cast, possesses the unique property which 
F^rmits it to be melted and cast into 
shapes without the use of pressure some- 
what the same as metal, but at much 
lower temperatures and with more exact- 
ness of mold dimensions. 

pretty much of a “new born 
baby with a future beyond present-day 
imaginations. In place of the present 
airplane composed of small sections of 


SCIENTIFIC AMERICAN JUNE 1943 


254 


INDUSTRY 


metal pieces held with literally thou- 
sands of rivets and requiring many more 
thousands of holes to be drilled, and the 
rivets offering sufficient wind resistance 
to reduce the speed of our airplanes by as 
much as 10 to 15 percent, the airplane of 
tomorrow may be made in large sections, 
stamped out as a whole on plastic forms 
and with the use of plastic punches. 

Resembling red scaling wax, the prod- 
uct is described as a thermo-plastic ma- 
terial which is readily reduced to a molten 
state by heating to 200 degrees, Centi- 
grade. The melt can be easily poured into 
simple molds, in the same manner that 
metal castings are made, in order to trans- 
form the plastic into the desirable shapes 
for the metal working operations. 

ELECTRONIC FUTURE 
Is S«en as Brlglit la 
Many Indastriss 

T HERE ARE vast Untapped potentialities 
in the use of electron tubes in research 
and industry as well as in communica- 
tions, according to the current issue of 
Electronics magazine Over the past few 
years, it is stated, light beams employed 
in conjunction with photo-electric relays 
have enjoyed an increased usefulness in 
industry. In a similar way, ultra-high- 
frequency beams may well find some ap- 
plications along the lines of photo-electric 
relays but applied where light will not 
function due to the fact that it will not 
go through certain materials or will not 
readily carry a sufficient distance. There 
are many possibilities in the use of tele- 
vision principles for industry. Routine 
clerical details attending such simple pro- 
cedures as a purchase in a department 
store, the buying of a railroad ticket, the 
sorting and distribution of mail, and pay- 
roll accounting as well as a host of other 
clerical operations, will readily come to 
mind. 

Other expansion of applications are 
looked for in power conversion, high-fre- 
quency heating, motor control, electronic 
calculators, and so on. At the end of the 
war a situation may arise which is quite 
unusual : “Tens of thousands of men who 
have joined the military services or are 
in government employ,” states Electronics, 
“are acquiring knowledge and experience 
on electron tubes and electronic devices 
at ultra-high-frequencies. These men with 
knowledge and skill will return home with 
up-to-the-minute knowledge so that those 
who remained at home in industry will be 
at a relative disadvantage and will have 
much to learn to keep abreast in the elec- 
tronic field.” 

The advantages of high-frequency heat- 
ing equipment, using electron tubes, are 
now being more generally appreciated 
Surface hardening of small steel parts has 
introduced the subject into the industrial 
field, where it will undoubtedly spread 
to other applications as it becomes better 
known and understood. An important 
factor, it is pointed out, is that high- 
frequency heating can be made selective, 
so that there is heating of only certain 
portions or materials of the body in the 
high-frequency field. The value of this as- 


pect of high-frequency heating will come 
to be more generally recognized and 
utilized. Then, too, certain industrial 
processes may he effectively handled only 
by this means. 

For a number of industrial applications 
requiring small electric motors, the D.c. 
motor still has certain desirable charac- 
teristics that cannot be duplicated with 
any type of a.c. motor. This is particularly 
true for certain light machine-tool applica- 
tions. On the other hand, a.c. distribution 
systems are becoming more universally 
employed, so that the localities where 
small DC. motors can be directly utilized 
arc very limited. The electron tube steps in 
as an almost perfect solution to this prob- 
lem. It provides variable voltage d.c. 
from constant potential alternating cur- 
rent. Such electronic motor control equip- 
ment even provides characteristics not 
readily obtainable from a straight d.c. 
supply. Tubes have a bright future here. 

INSULATION 
Made by Naw 
Glass Procass 

NEW line of electrical insulation 
known as Multiform Insulators provides 
the American electrical industry with a 
new insulation supply at a time when 
war requirements are straining existing 
facilities. The manufacturing process for 
producing these insulators, developed by 
the Corning Glass Works, has kicked out 
the window many production barriers 
that have faced the glass industry through- 
out its long history. 

Conventional glass-making methods — 
blowing, pressing, and drawing — ^havc pro- 



Bushing ring ond coil forms 


duced, to be sure, a multiplicity of glass- 
ware. But the glassware made by these 
conventional methods has had definite 
limitations, a major one being that shapes 
have had to be relatively simple. Further, 
special design features such as holes, 
grooves, or threads have been major 
headaches for glass men. The glass in- 
dustry has made many glass parts with 
these features — but in almost all cases it 
has been a slow and expensive operation. 
It has also been difficult with conventional 
glass-making methods to hold close toler- 


ances that could enable glass parts to com- 
pete with metal parts. 

The result of these limitations of shape, 
design, and accuracy has been that the 
use of glass has been precluded in many 
instances where the qualities of the mate- 
rial have been ideally suitable. In the 
insulation field, for instance, the remark- 
able electrical qualities of glass have, in 
the past, been put to use only in insula- 
tors of comparatively simple shape — such 
as standoff, strain, or bowl-shaped enter- 
ing insulators — that were adaptable to 
conventional manufacturing methods. 
There has remained outside the reach of 
glass, consequently, the great bulk of the 
insulation field — the thousands of intri- 
cate-shaped insulators that go into radio 
receivers and transmitters, refrigerators, 
and other electrical equipment. The new 
Multiform process has now made electrical 
glass available for insulation in a wide 
variety of shapes. 

The Multiform process involves a com- 
bination of cold-molding batch materials 
and subsequent fusing. Finished ware, in 
contrast with the more familiar types of 
glassware, is opaque or translucent ; but it 
is a true glass. The process has made 
available products that run the gamut 
from small insulating beads, several 
thousand to the pound, to large insulators 
weighing 25 pounds or more. Countersunk 
and tapped holes are practicable, as are 
lK)th external and internal threads and 
grooves. 

In addition to a wide range of shapes 
and sizes and special design features, these 
products can be made accurately to close 
tolerances and from almost any glass com- 
position, the choice depending upon the 
qualities required. Insulators made by the 
Multiform process arc somewhat less 
strong mechanically — under comparable 
conditions — than products of the same 
composition fabricated by conventional 
glass-making methods The mechanical 
strength has proved adequate, however, 
for a very broad group of electrical in- 
sulators. 

In dielectric strength, the new insulators 
have slightly lower values than do con- 
ventionally formed products of the same 
composition. The dielectric strengths — 500 
volts per mil or more — are sufficient, how- 
ever, for all ordinary applications and, 
generally, are much higher than the dielec- 
tric strengths of other ceramic products. 
Among the advantages claimed for Mul- 
tiform insulators are minimum fre- 
quency drift, negligible water absorption, 
and low’^ loss factor. 

AIR JARS BOLTS 
Milllont of Yibrifions Test 
Holding Quilltlos of Nuts 

If vou cannot jar a nut off a bolt after 
3,000,000 sharp jolts, no amount of jarring 
will remove it. Upon this theory The 
Tinnerman Products, Inc., test their self- 
locking speed nuts which the company 
produces by the million for airplanes and 
other war machines of the United Na- 
tions. Occasionally more severe tests are 
made — as many as 10,800,000,000 vibra- 
tions. 
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The testing machine developed by the 
company uses an air hammer to vibrate 
a steel bar about two feet long and two 
inches wide. The bar is clamped onto the 
piston of the air cylinder, and the nuts 
are fastened onto plates carried by the 
metal bar. 

A hand screw-driver is used to tighten 
the bolts with a force that would ordi- 
narily be used by a factory worker. 

The armature carrying the speed nuts 
under test is vibrated by the air cylinder 



Self- locking tpted-nutt ore jorrtd 


at an amplitude of 1/16 of an inch. The 
frequency of the vibration is measured by 
a vibrometer, as shown in the illustration, 
and is adjusted to 3500 cycles per minute. 
The tests are run on an average of 35 
hours, but some are conducted for as long 
as 1000 hours. 

SORAP HAULING 
RtdiiotA by ApplloatipR tf 
Nfw Flnltblng ProgrtM 

In AN iFFORT to Speed aircraft production 
and reduce the transportation of aluminum 
scrap, the Reynolds Metals Company has 
adopted the plan of stamping and finishing 
metal airplane parts at its factory rather 
than shipping the raw aluminum stock 
to the aircraft plants for processing there, 
the Aeronautical Chamber of Commerce 
of America reports. 

Parts are being routed, stamped, 
sheared, and shaped at the Reynolds 
plants, and the scrap produced in the 
process is sent back to the furnaces for 
reclamation virtually under the same roof. 
Further efficiency is achieved by utilizing 
small pieces of scrap for shaping smaller 
parts. 

Officials of the Douglas Aircraft Com- 
pany’s midwest plant, where Reynolds 
pre-fabricated parts arc now in use, de- 
clare that the plan has already effected 
vast savings in production time, facilities, 
and costs. 

Burt C. Monesmith, materials super- 
intendent at the Douglas works, estimates 
that from 100 tons of raw aluminum 
stock which might go to an aircraft 
plant, not more than 70 tons of it can be 
worked into finished parts — cleaving a 
scrap residue of 30 percent. Such scrap 
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ordinarily has to be shipped back to the 
aluminum mill for remelting. 

The plan to eliminate this cross- 
hauling of waste aluminum was devised 
by R. S. Reynolds, president of the alumi- 
num firm. This company, although it has 
been in production for but three years, 
is now turning out more of the metal 
than did France and England combined 
as late as 1939. 

NieOTINI 

Sfiroit Being Sengbl at 
Sbarligt Devtltps 

iTH AN estimated shortage of 300,000 
pounds of nicotine, chemists are seeking 
new sources of what used to be a surplus 
commodity, according to Chemical and 
Engineering News. An unprecedented 
demand for nicotinic acid, a part of the 
vitamin-B complex, to fortify white flour, 
and restricted importation from the Paci- 
fic of the insecticides pyrethrum and 
derris, which can be replaced partially by 
nicotine, have created the nicotine short- 
age, it is pointed out by M. J. Copley, 
R. K. Eskew, and J. J. Willaman of the 
United States Eastern Regional Research 
Laboratory, Philadelphia, which has un- 
dertaken a research program to find more 
extended industrial uses for tobacco. There 
also has been an increased agricultural 
use of nicotine for food production. 

Practically all of the million pounds of 
nicotine recovered annually in this coun- 
try has until recently been used in in- 
secticides. Now new and more efficient 
nicotine insecticides arc sought to replace 
derris and pyrethrum. A jump from 
10,000 pounds of nicotinic acid produced 
in 1940 for the treatment of pellagra to 
an estimated 200,000 pounds for flour 
fortification this year has eaten up sup- 
plies of nicotine, the best known material 
for making nicotinic acid. 

In an attempt to make up the deficit, 
a considerable poundage of low-grade 
tobacco of certain types will be diverted 
from the ordinary leaf channels to nico- 
tine manufacture. Another possible source 
is the growing of Nicotiana rustica, a 
species of tobacco which is not used for 
smoking in this country and contains about 
twice as much nicotine as ordinary 
tobacco. 

’’Rustica has been grown experimentally 
for a great many years in various* parts 
of the country and constitutes a potential 
source of an appreciable amount of nico- 
tine,” it is declared. 

’’When the laboratory’s research pro- 
gram on tobacco was first started,” the 
research workers declare, ’’the viewpoint 
was almost wholly that of finding more 
extensive uses for a surplus commodity. 
It was felt that more extended use for 
nicotine, for example, would consume 
more of the lower grades of tobacco and 
maintain a better price for the other 
grades. The change in world conditions, 
however, has now altered this picture. 
Instead of wondering how more nicotine 
could be used, we are wondering where 
sufficient nicotine can be obtained.” 

The chemists feel that it would be 


hazardous to predict where the nicotinic 
acid of the future will be obtained, but 
that nicotine is still a logical source. Main 
objectives are more economical recovery 
of nicotine from tobacco and improve- 
ment in the oxidation of nicotine to 
nicotinic acid. Quinoline and betapicoline 
arc also possible raw materials for nico- 
tinic acid, and a race has developed among 
these three starting materials. 

LEATHER 

TanRing Raquiramants Bting 
Mat liy Rmareli 

C^LD KING Solomon, slipping back over 
the Styx for a visit now, would surely 
revise his oft-quoted ’’way of a man with 
a maid” verse. Since in it he proclaims 
only four things ’’too wonderful” for his 
comprehension, today he could hardly es- 
cape raising the ante to five. He’d surely 
have to include the wonders of research 
with, at times, startling connections be- 
tween unrelated industries. 

I.atest of these examples appears to be 
use of spent pickle-liquors from steel mills 
for tamiing leathers. Research directed 
toward utilizing spent pickle-liquors for 
possible iron-chrome tannage was eagerly 
pursued some months ago in view of 
dwindling chromium stocks, and the fact 
that about 50 percent of the total United 
States leather output is chrome-tanned. 

Increasing production of domestic 
chromium ores of non-metallurgical qual- 
ity is relaxing restrictions so the tanning 
and chemical industries seem to be as- 
sured of ample supplies. Although suc- 
cessful iron tannage would save alx)ut 
30 percent of normal chromium require- 
ments for tanning, research on spent 
pickle-liquor tanning has somewhat abated 
Leather from steel mills is not so immi- 
nent as it was a while back; it still 
remains a future possibility. 

Interruptions of vegetable tanning mate- 
rial imports, however, are cause for con- 
cern, even though an earlier trend toward 
use of domestic tannins has helped keep 
the situation from becoming too acute. 
Converted to a 25 percent tannin content, 
our consumption of vegetable tannins 
amounts to about 800 million pounds an- 
nually, of which foreign types accounted 
for 60 percent though the ration recently 
was reduced to 50 percent. Sharp curtail- 
ment of available cargo space for delivery 
of even South American tanning materials 
— quebracho, divi divi, tarra, and others — 
further forces larger production of do- 
mestic tanstuffs. 

Production of chestnut extract, already 
popular, has increased and investigations 
of canaigre root, domestic sumac, hemlock, 
and mangrove arc under way. Mangrove 
bark with a tannin content of 30 percent 
is available in large quantities in Florida, 
but high costs of gathering and shipping 
to extract plants may prove an obstacle 
to utilization. 

However, chances arc good that re- 
search will solve the tanstuffs problem, 
and at the same time foster another in- 
dustry to further extend our future self- 
sufficiency . — The Chemical Digest. 
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TRENDS 

AS RUBBER GOES 

hen Japan started her drive into the rubber-growing areas 
of the Far East, she dealt a blow to the rubber industry of 
the United States, creating a serious shortage of crude rub- 
ber. With the industry rapidly gearing itself to war-time pro- 
duction, this blow seemed, for the moment, to be the end, to 
be the one thing that could mean the difference between final 
victory and defeat. Rubber was vital to many war machines. 
Without rubber, we were licked before we really got started. 

But as time went on and opportunity presented itself to take 
stock of the situation, there came the realization to many that 
the blow was really to be considered as an aid to the United 
States in more ways than one. Regardless of how the factors 
of speed may be viewed, often in the light of political leanings, 
a synthetic rubber industry sprang from the laboratories of the 
United States. 

Although it is not possible to make direct statements as to 
synthetic rubber production at present or in the immediate 
future, it is an open secret that plants now being constructed 
will have sufficient capacity to more than fill the country’s re- 
quiiements of today and many tomorrows. What will be the 
base from which it is made is still a question, although the 
petroleum advocates appear to have most of the convincing 
arguments on their side. This in spite of dwindling petroleum re- 
serves, since it has been established that to make sufficient 
butadiene to produce 800,000 tons of rubber a year (our largest 
annual consumption in pre-war days was 765,000 tons) would 
would demand only some 2 percent of our largest peace-time 
production of petroleum. 

Synthetic rubber is even now meeting the tests on the tough- 
est proving grounds in the world — war. It is, of course, being 
tested in tires and, reports have it, is showing up remarkably 
well. Then it must be remembered that synthetic rubber has 
many desirable qualities not found in natural rubber. Among 
these are resistance to the attacks of gasoline, oils, and other 
solvents of natural rubber, better aging characteristics under 
adverse conditions, greater adaptability during manufacture to 
definite ends, and so on. 

From all this it becomes apparent that synthetic rubber has an 
unlimited future, if other factors do not interfere too much. 
For example, there is the question of what will happen to the 
synthetic rubber industry when natural rubber once more be- 
comes available. Tariffs may be erected to protect the industry 
if, by that time, the price of synthetic has not been reduced suf- 
ficiently to make it a direct competitor of natural. Or it may 
work out that the Far East will be so badly in need of re- 
established markets that natural rubber will reappear in the 
United States, while the synthetic industry will receive the ar- 
tificial respiration of subsidy, again assuming that a price dif- 
ferential exists. 

However the financial angle works out, it is now certain that 
synthetic will find substantial post-war markets, whether alone 
or in combination with the natural product. Already the labora- 
tories are working on the problem of adapting existing— but 
frozen — markets to synthetic rubber for after-the-war opera- 
tions. At tlie same time, new markets are being developed. 

Itemizing a few of the known possible uses of synthetic will 
point the way sufficiently to indicate the enormous markets 
which the material can command in days to come: Rubber 
springs for vehicles, with all the obvious advantages over metals ; 
long conveyor belts for use on huge construction projects, speed- 
ing up work and reducing labor requirements ; rubber containers 
and container linings for transporting liquids; water pipes that 
will stretch when frozen but will not break ; women’s hose that 
will have astonishing wearing qualities; tubeless tires— the list 
could be extended indefinitely to include uses tliat will affect 
the daily lives of every man-hi-the-street 


WHERE IS OIL HEADING? 

T HE SEEMING gigantic inroads that the present war is making 
in our crude-oil reserves were hinted at in the preceding note on 
synthetic rubber. Just how big a dent will be made cannot be 
foreseen at the moment, but that it will be big indeed is to be 
guessed from the way in which the petroleum industry is tight- 
ening up its operations and giving the gun to research work 
aimed at higher efficiency in processing as well as at the dis- 
covery of new resources. 

What we are directly concerned with here is that, on the eve 
of a breath-taking expansion of the chemical industry based on 
petroleum as a raw material and dealt with on this page in past 
issues, there appears on the horizon a possibility of developing 
shortages in the raw material itself. These shortages, however, 
despite the furore that they have caused in the daily press, are 
not too serious when viewed in a calm over-all survey. 

It is true, indeed, that since 1938 we have been using petroleum 
in this country in excess of the amounts discovered. Obviously, 
since oil is not a crop that can be planted year after year, if 
this keeps up indefinitely things are going to be bad. There are, 
however, other answers. Proved oil areas are being drawn on as 
much as possible, and new explorations are not keeping pace. 
The reason here is the gamble involved in exploration, plus in- 
creased cost of the work and priority restrictions, all tending 
toward a reluctance on the part of oil gamblers to risk too many 
dry holes. This angle is being attacked by the government in 
the form of encouragement of wild-catters, encouragement which 
may soon bear fruit. Then, too, there is the fact tliat all oil 
is not the best for all purposes. Some of it will produce high- 
octane gasoline, while oil from other fields will not. Conversely, 
some oil is better as the chemical industry’s raw material men- 
tioned before, so that there appears to be some chance here of a 
set of checks and balances that will help in the long run. 

Then there are other ways of oil conservation that are being 
put into effect. For example, natural gas, often wasted, is being 
put to use as a replacement for oil in heating, where distribution 
and storage means make this feasible. Oil-shale deposits are 
knovvn ; other new ones, notably in Alberta, have been discovered 
and are being worked. Coal as a source of oil has been known 
for a long time, and can easily enter the petroleum picture when 
the pressure becomes too great. 

Here, it would then seem, the big war dent being made in 
our oil resources — while it is no figment of the imagination by 
any manner of means — is not one which spells disaster to the 
petroleum industry or which means that John Public has been 
permanently taken out of his automobile and put on his feet for 
Iwal locomotion. What the dent really means is that the in- 
dustry as a whole is working more directly toward efficient 
conservation rather than with no thought for the needs of to- 
morrow. 

HOW STEEL IS ORDERED 

NEW TREND in thc stcel industry, brought about by the 
exigencies of war-time production, bids fair to inaugurate an en- 
tirely new method of specifying a particular type of steel de- 
sired by a steel user. At the turn of the century alloy steels 
were almost unknown, the user merely specifying that he wanted 
soft, medium, or hard. Then came World War I, with a tre- 
mendous rise in the demand for steel, both as to quantity and 
quality. Alloy steels came into their own and users started to 
order steel by specifying its exact chemical formula. In some 
cases a steel order would be received by a producer in which 
several different types would be specified, differing from each 
other by only a fraction of a percent in one or more of the 
alloying metals. 

Such procedure, of course, complicated steel making to an 
enormous extent. When World War II stepped up the demand 
for all types of steels, however, these wasteful measures had to 
be curtailed ; shortages of certain alloying metals, also, led to the 
realization that steels could efficiently be ordered by specifying 
their physical properties rather than exact chemical formulas. 
This method is being found quite satisfactory to the consumer 
as well as to thc producer and is now being followed in many 
industries without letting down on quality in any respect. 

Cdiiou 
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At 9 A.M. three trucks (upper left) rolled onto the building site, 
corrying oil the moteriol for the construction of o six>room house, 
os described below. By 10 A.M. the flooring hod been loid over 
the foundotions thot hod previously been prepored. At 10:30 A.M. 
the center section wos roised into ploce. The photo obove shows o 
close-up of the work in progress, token between the lost mentioned 
hour ond 12 o'clock noon, ot which time the roofing ponels ond 
sheothing were going into ploce, the ceiling sections hoving oireody 
been set. By 3:20 PM the building wos completed ond reody for 
occupancy, os ot left. The success of this method of construction 
rests on the opplicotion of mony "tricks" such os those deKribed 
below, including the use of double-heoded noils, pre-fobricoted 
wall sections which slide into ploce, framing sections, ond so on 

a partition will be erected Each wall sec- 
tion, partition, and otlier unit of these 
demountable houses has a groove in its 
edge that fits over strips such as these 
Entire prefabricated walls can be slid into 
place by this tongue-and-groove principle, 
and, when set, the sections are tied down 


A House in Six Hours 

Three Trucks Haul Ali Materials for a Six-Room 


House Which Is Put Together 

P ROVIDING a six-room home for two 
families in less than a full working 
day is illustrated in the accompanying 
pictures showing three phases of demount- 
able house erection operations for war 
workers in South Carolina. Ten men, 
including six carpenters and four laborers, 
put together the house shown in the six 
hours and 20 minutes between 9 a.m. and 
3:30 P.M. 

The materials for the entire house just 
filled three trucks (shown in the first 
picture). The wall sections, ceiling sec- 
tions, roof parcels, partitions, and other 
major units were pre-assemblcd in the 
contractor's mill and, as loaded on the 
trucks, were ready to be put together 
according to a simple numbering system. 
First step in construction was placing of 
flooring over foundations that were laid 
out and prepared ahead of time by other 
work crews, who alsp put down sewer and 
water lines. 

r«xt and illuttrotiont tpurtoty '*Engln«aring N«wt* 
lUcord," 


With Double-Headed Noils 


The first section to bt put up was the 
center partition dividing the house into 
separate dwelling units for two families. 
One of the key construction principles of 
demountable housing used in these struc- 
tures is the use of short metal straps, with 
holes in each end to receive double- 
headed nails. Rows of these straps tie the 
walls to the foundation, brace the corners 
and perform other strengthening functions. 
The double-headed nails — the only kind 
used in these homes^ — provide a major 
part of the demountable element. The first 
head is driven flush with the strap or the 
wood, while an offset section of the nail 
allows another head to remain projecting. 
This projecting head permits all nails to 
be drawn easily and rapidly without dam- 
age to the structure, should need for de- 
mounting or removal arise. 

Extending toward the lower foreground 
of the second photograph above, along 
the floor, are two narrow wooden strips. 
The strip on the left has already been 
nailed in place, to mark the position where 


by the metal straps and double-headed 
nails. 

Another feature is the use of Upson 
board on the partitions and inner sides 
of wall sections. Outside coverings of the 
sections are of three-ply plywood. 

The section of framing at the left center 
of the second picture is a special section, 
left without covering at the mill in order 
to make easy the installation of pipes and 
electrical conduit. These pii>cs and lines 
are installed while erection proceeds, and 
as soon as the installation of utilities is 
finshed, the wallboard covering, precut to 
fit, is nailed over the bare framing. 

By noon of the day of erection, the 
house was well on its way to completion. 
All of the wall panels as well as the inside 
partitions had been erected ; windows had 
been set and gables erected. The ceiling 
sections had been set in place above the 
ror)ms and the first roof panel had been 
placed. A protective layer of asphalt felt 
is placed over the roof boarding before 
shingling. 

By 3 :20 p.m. the building was complete, 
with asbestos shingling on the walls and 
asphalt shingles on the roof. Doors were 
hung, porches and steps added, and other 
details completed. Landscaping, however, 
remained to be done, and plumbing and 
electric fixtures were still to be attached 
to connections that were already in place. 
Contractors on this project — a part of a 
2400-unit project — are Skinner and Rud- 
dock of Charleston. 
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SAFETY 


Fighting Fires Aioft 

Precautions Taken on the Clipper Planes to Reduce 
Fire Hazard to an Absolute Minimum 


I F, BY any remote chance, fire should 
break out in one of the four 1600- 
horsepower engines of a Pan American 
Clipper on a transatlantic flight, it*s a 
safe bet that passengers wouldn’t even 
know it. For the flight engineer would 
step calmly to a control board, turn a 
valve, and put out the fire with a blast 
of flame-smothering vapor. 

That’s how well-organized the fire-pro- 
lection equipment is set up on these 42-ton 
flying boats that pioneered America’s 
aerial life lines to Europe, Africa, and 
Asia. So carefully have Pan Americai' 
engineers planned for every eventuality 
that this great airline has, for example, 
completed approximately a thousand 
transatlantic crossings without a single 
fatality or serious accident due to hie. 

The way this ingenious fire-protection 
functions can be seen during the regular 
“turn-around” overhaulings which the 
Clippers get at the Marine Terminal of 
the New York Municipal Airport at the 


Right: The control panel from which any 
one of the four motors on a Clipper ship 
con be flooded with carbon dioxide pas. 
Be/ow; An unusual photograph of a Clip- 
per motor enveloped in o fog of fire- 
smothering gos during a test discharge. 
Lower right: Preporing to weigh carbon- 
dioxide containers during a routine check 


completion of each transatlantic trip 
These overhauls, which involve going 
over the entire ship with a figurative 
fine-tooth comb in less than 24 hours, 
also include frequent inspections and test- 
ing of the fire-extinguishing systems. 

First step in the fire system’s check-up 
is the removal and weighing of the carbon- 
dioxide cylinders — the heart of the ex- 
tinguishing equipment. These containers, 
which hold liquified carbon dioxide under 
terrific pressure, provide the vapor which 
is capable of smothering an engine fire 
even though the plane is in full flight miles 
above the Atlantic. If the cylinders show 
the prescribed weight, the inspector knows 
that no leakage has occured during pre- 
vious flights and an adequate supply of the 
liquid is available. 

Another step in the check-up system, 



but which is done at less frequent in- 
tervals, is complete discharge of the 
carbon dioxide through the plane’s gas 
distribution system. One of the hundreds 
of maintenance engineers who swarm over 
the Clipper during these speedy overhauls 
aims the control valve first at one motor 
then at the others in order to make sure 
that the vapor instantly reaches the scene 
of potential fire. Other engineers stand by 
each nacelle to check on the gas discharge, 
which also serves to remove any dirt 
accumulations from the piping and shows 
up possible leaks. 

This piping leads almost directly from 
the carbon-dioxide cylinder to the four 
engines, but passes through the control 
panel where the flight engineer can set 
his valves to discharge the gas into any 
one burning engine. A double carbon- 
dioxide container is also provided to give 
a burning engine a second shot of gas in 
the event that the first one does not com- 
pletely extinguish the flames. 

In addition to this unique built-in fire 
extinguishing system, each clipper also 

carries portable carbon-dioxide guns in 
each engine nacelle. These portable units, 
which have pistol grips and triggers, each 
contain two pounds of liquid carbon 

dioxide and are used like a “Tommy” gun 
for fighting localized fires within the 

wing cavity or engine compartments, all 
of which are accessible to the crew during 
flight. 

The way in which carbon dioxide woi ks 
is worthy of note. Discharge of the 
liquid, which instantaneously becomes a 
gas when it hits the air, reduces the 

oxygen content of the air to 15 percent 
or less, at which point most fires cannot 
burn. Even in the terrific air blast enter- 
ing the radial engines during flight, the 
gas effectively reduces the oxygen con- 
tent for a few split seconds — long enough 
for the flames to be snuffed out and rem- 
edial measures taken to prevent re-ignition 
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Planet Companions 


Three Faint Companions of Stars Are Half Way 
In Mass Between a Star and a Planet 


HENRY NORRIS RUSSELL, Ph.D. 

Head of the Department of Aetronemy and Director of the Obterva- 
toiy of Princeton Univercity. lUeearch AMociato ot the Mount 
Wilton Obtervotory of the Comegie Inttitution of Wnthlngton 


^B^tronomical discoveries of impor- 
f \ tance are sometimes, though rare- 
ly, made at a glance — as when a dozen 
people recognize a nova which has grown 
to brightness overnight. More of them 
arise from a planned and deliberate search, 
such as that of Pluto, after hundreds of 
thousands of star-images had been in- 
spected, in a photographic campaign so 
designed as to assure the ultimate dis- 
covery of a distant planet, if one bright 
enough to be observed existed. The most 
renowned of all such discoveries — tliat of 
Neptune — came in yet another way, as a 
result of the application of painstaking 
calculations to long and accurate series of 
observations made for other purposes, 
with no thought of the discovery to which 
eventually they led. 

A discovery of unusual interest, made 
in this last way — indeed, two of the same 
kind — has just been discussed in the 
teclmical literature and, under the princi- 
ple which has always ruled in these 
columns, become available for discussion 

Two observers, working independently, 
have found that two different stars among 
our nearest neighbors are attended by 
companions, in orbital motion about them, 
which are of such small mass that it is 
practically certain that they are dark 
bodies, and have a good claim to be called 
planets. 

It has long been realized that, if the 
stars have planets circulating around them, 
there is no hope at all of detecting them 
as we observe the planets of our own 
system, by reflected light. A planet twice 
the diameter of Jupiter and distant from 
the nearest star, Alpha Centauri, as far 
as Jupiter is from the Sun, and shining 
by reflected light, would appear to us 
like a star of the 21st magnitude — that is, 
barely bright enough to be photographed 
with a 100-inch telescope, under the best 
conditions, if it stood alone on a dark sky. 
It would actually be within a few seconds 
of arc of its primary, whose light, a 
hundred million times brighter, would 
drown it out hopelessly. 

There is, however, another way in 
which a planet might reveal its presence. 
If any two bodies, such as the Earth and 
Moon, form a pair in orbital motion, the 
gravitational attraction of the Earth on 
the Moon, measured in units of force, is 
exactly equal to that of the Moon on the 
Earth; but the motion of the more mas- 
sive body is less affected by this equal 


force. Neither one describes an orbit about 
the other as a fixed center; but both 
circulate in orbits of the same shape but 
different sizes about their common center 
of gravity, keeping on opposite sides of it 
The Earth is (in round numbers) 80 
times as massive as the Moon; so that, 
while the Moon describes its orbit at a 
distance of 240,000 miles from the com- 
mon center, the Earth (more precisely 
its center) circulates about this point in 
an orbit a little less than 3000 miles in 
radius. 

. It is the center of gravity which de- 
scribes an orbit about the Sun, in ac- 
cordance with Kepler’s laws. Should we 
calculate the motion from these laws, we 
would find the actual Earth at new Moon 
3000 miles farther from the Sun than the 
predicted value. At the full phase, when 
the Moon is outside the Earth’s orbit, the 
Earth is 3000 miles inside. At first quarter 
the Moon is behind and the Earth ahead, 
and so on 

N ow MAKE, for the moment, the physi 
cally absurd asumption that the Moon 
was absolutely black, reflecting no light at 
all. Only the Earth would be visible to a 
distant observer. We may imagine him 
looking from such an angle that the Moon 
never eclip.scs the Earth, even partially 
Even so, he could discover the Moon, by 
making a sufficiently long and accurate 
series of observations of the position of 
the Earth relative to the Sun. Comparing 
them with theoretical motions in an ellip- 
tic orbit, he would find that, whereas this 
satisfied the observations of the 'other 
planets, the Earth’s motion would show 
a small but persistent oscillation, in a 
period of 27 1/3 days (one sidereal 
month). He would thence conclude, cor- 
rectly, that the Earth was attended by an 
invisible satellite having this period 
If he could find the Earth’s mass in 
some other way — say by the effects of its 
attraction on the motion of the other 
planets — he could then calculate how far 
away this satellite would have to be to 
possess the known orbital period. This 
distance would come out 80 times the 
radius of the observed oscillation, and he 
would then be sure that the Earth was 
attended by an invisible satellite 1/80 as 
massive as its primary. 

The alert reader of this analogy will 
naturally inquire why it is said that the 
observations of the other planets would 


not reveal deviations from Kepler’s laws, 
although most of them have satellites. The 
answer is that the masses of these satel- 
lites are but a very small fraction of those 
of their primaries, 1/3500 for the largest 
satellite of Saturn, and at most 1/10,000 
for the satellites of Jupiter. The resulting 
oscillations would be too small to be de- 
tected. (A small oscillation of Neptune, 
due to the atraction of its one known 
satellite, has actually been observed.) 

This illustration has been developed at 
length, because it illustrates fully the 
principles which must be applied in the 
case of a star. A very small satellite will 
produce too small an effect to be observ- 
able. The detection of small oscillations, 
and hence of small attendants, demands 
two things. First, the star must be one of 
our near neighbors in space. For similar 
physical properties of the system (perio<l 
and masses of the two components) the 
range of the oscillations, in miles, will be 
the same. The nearer the star, the bigger 
will be this oscillation, measured in hun- 
dredths of a second of arc upon the 
heavens. 

S ECOND, our observations must have the 
highest possible accuracy — that is, they 
must be based on photographs made with 
telescopes of long focus The technique of 
such observation has been fully developed 
Results of high accuiacy, with an average 
error of about 0" 03 from a single plate, 
can be obtained by comparing the meas- 
ures of stars not more than 10' or so apait 
in the sky, so long as these are of about 
the same brightness — or i educed to the 
same brightness by some device which 
does not distort the images. But still more 
accurate measures, with an average error 
about 0".005, can lie made of the relative 
positions of the two -components of a 
double star ; provided that these are nearly 
of the same brightness. In this case, dozens 
of exposures of the pair can be made and 
measured on a single plate, and the aver- 
age result from two or three plates may 
reach the remarkable accuracy just stated 
Observations of both these types have 
lu'en made in great numbers — in the first 
case to determine the parallaxes of stars, 
and in the second, to study the motion of 
binary pairs. It is usually found that the 
observations arc represented, within the 
limit of their accuracy, by motion in an 
elliptic orbit in the second case, and by 
rectilinear motion in the first, combined 
with the apparent oscillation resulting 
from observation from the moving Earth. 
But sometimes these standard assumptions 
prove insufficient to account for the meas- 
ures, and it is evident that some additional 
motion is present — which, when the ob- 
servations are continued long enough, 
turns out to be a periodic oscillation. 

The olde.st examples of such behavior 
were found nearly a century ago for 
Sirius and Procyon. Here the oscillations 
are so large that they can be detected even 
with the relatively low accuracy of meri- 
dian observations. Bessel showed, long 
ago, that Sirius must have a companion 
revolving about it in a period of about 
50 years, and Procyon in one of 40. Both 
these bodies have since been seen with 
powerful telescopes, and followed through 
a whole revolution. The companion of 
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Sirius has a mass nearly equal to the 
Sun’s; that of Procyon is one third as 
great. They arc faint, but self-luminous 
stars — excellent examples of the now 
well-known white dwarfs 
A few more cases of the same sort have 
been found in the course of parallax 
observations. A notable example has just 
l)ccn found by Dr. Reuyl, of the Mc- 
Cormick Observatory, at the University 
of Virginia. It is a faint red dwarf star, 
known as Cincinnati 1244, since this is 
its number in a star-catalogue published 
by that Observatory. Observations from 
1915 to 1942 are now available, and show 
that, after allowance for a proper motion 
of 0".49() per year and a parallax of 
0'’.201, there remains an oscillation with 
a period of 26.5 years, corresponding to 
motion in an orbit of eccentricity 0.6 and 
with a mean distance of 0".ll between the 
bright star and the center of gravity, 
which corresponds to an actual distance 
of only 50,000,000 miles. 

T o FJNO HOW far off the companion is on 
the other side, the mass of the visible 
star must be known. For faint red dwarfs 
of this sort, there is a close relation be- 
tween the mass and the real brightness 
The latter is 1/35 of the Sun’s and, by 
comparison with other known cases, the 
mass should be 0.35 times the Sun’s It 
follows from Kepler’s laws that the mean 
distance of the invisible companion from 
its primary should be 600,000,000 miles. 
The invisible star is therefore 11 times as 
far from the center of gravity as the 
visible one, and should have but 1/11 



Ntptune ond its unnamed fotellite, 
photogrophad with the 40-inch ref roc- 
tor ot Yerkes. The diometer ond orbit 
diameter are comporoble with those of 
our Moon, but the orbit is inclined 
at obout 40 degrees to thot of the 
plonet ond the orbitol motion is re- 
trogrode — that is, from eost to west 

of its mass, or a little less than 1/30 of 
the Sun’s. From the general run of the 
relation between mass and brightness, 
there can be no doubt that a star of this 
very small mass would be unobservably 
faint. 

Double-star observations, however, have 
revealed still more remarkable objects. 
Dr. Strand, of the Sproul Observatory at 
Swarthmorc, has made a number of very 
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thorough studies of these, described m 
Scientific American, March 1942, page 
1.15, including one of the famous system 
61 Cygni, consisting of two stars, one 
twice as bright as the other, m orbital 
motion with a period of 720 years. This 
IS one of the nearest stars in the sky 
(parallax ()".294, distance 11 light-years). 
The two components are nearly equal in 
mass, 0 58 and 0.55 times the Sun’s mass 
Precise photographic observations of 
this pair have been made since 1914 by 
various obseivers. Both these and the 
earlier, less accurate visual observations, 
were used by Strand in computing his 
orbit — a task which required weeks of 
laborious calculation. When the calculated 
and observed positions were compared, a 
small, but unquestionable, oscillation ap- 
peared. Only observations of the highest 
precision could have detected it, for its 
extreme range is little more than 0" 03 — 
which, on photographs taken with a tele- 
scope 30 feet long, corresponds to but a 
20,(X)0th part of an inch. Compared with 
the positions calculated from tlie large 
orbit, the star drifts slowly eastward for 
3.5 years, swings back westw^ard in less 
than half this time, and repeats the prm'- 
css with a period of 4.9 years. The in- 
equality of the two intervals shows that 
the orbit of the close pair is highly 
eccentric. The north-and-south motion is 
smaller, but definite. Combining them. 
Dr. Strand finds that the bright star 
moves around the center of gravity of it- 
self and the invisible companion in an 
orbit of eccentricity 0 7 nearly edgewise 
toward us (inclination 80®). The mean 
radius of this orbit is 0",020 (allowance 
being made for effects of foreshortening) 
At the star’s distance, this corresponds to 
6,300,000 miles — ^by all odds the smallest 
orbit as yet known among the stars 
So far the situation is absolutely clear ; 
but it is not yet known which of the two 
visible stars has the dark companion. The 
measures give only the relative position 
of the two, and this is equally aflfected 
by an eastward shift of one as by a west- 
ward displacement of the other by the 
same amount. There are two ways in 
which this uncertainty might be dispelled 
Measurements of the positions of both 
stars, relative to others in the field of 
view, would show which one is moving 
uniformly, and which shows the oscilla- 
tion; but, even on the best photographs, 
the much larger distances involved could 
not be measured with the extreme ac- 


curacy required. A second way is more 
hopeful. The motion of the star in the 
small orbit would alter its velocity 
towaid or from the Sun by a maximum 
range of a little more than one kilometer 
per second. This is easily within the 
accuraiy of measurement of powerful 
spectrographs The next favorable oppor- 
tunity will come in 1946 and 1947 ; and 
after that, we may know which star has 
the companion. 

T he most interesting question, namely, 
uhat is the mass of the companion, 
need not wait for an answer, for the 
masses of the two bright stars arc so 
nearly equal that the distance of a com- 
panion revolving about either one in a 
period of 4.9 years would be substantially 
the same, 223,0()0,0()0 miles. This is 35 
times the distance of the bright star from 
the center of gravity. Hence the mass of 
the companion must be 1/34 of that of 
the brighter star, or 0 016 times the Sun’s 
mass. 

This is only one tenth as great as the 
smallest mass that has even been observed 
m a visible star, and 16 times the mass 
of Jupiter — so that the newly discovered 
body may at least be described as half 
way between a star and a planet 
When its discovery was announced by 
Dr Strand at a meeting last winter, it 
stood quite alone, as by far the least 
massive body known to exist outside the 
solar system. Since then it has found a 
rival. Dr. Reuyl, from similar photo- 
graphic observations of the binary star 70 
Ophiuchi, finds a similar small oscillation, 
with period 17 years, and half-range 
0".015 The parallax is 0" 20, so that the 
distance from the center of gravity comes 
out 7,0(X),0(X) miles. This is an approxi- 
mate value, as it has not yet been practi- 
cable to determine the eccentricity of the 
small orbit. 

As in the preceding case, it Is not 
possible at present to tell whether the 
companion belongs to the brighter or 
fainter star of the visual pair. In the first 
case, its mass comes out 0012 times the 
Sun’s; in the second, 0.008. 

Hera, then, we have another body of 
almost planetary mass. The question 
whether it should really be called a planet 
is one of the most interesting which has 
been before the astronomical public for 
a long time; but its discussion must be 
postponed till next month. — Manitou 
Springs, Colorado, March 22, 1943, 
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New Key to the North 

When Peace Comes, the Alcan Highway Will Unlock 
Nature's Rich Storehouse of the Great Northwest 


A. D. RATHBONE, IV 

J UST 150 years ago this spring the first 
white man ever to cross the Ameri- 
can continent north of Mexico stood near 
what is today the southern terminus of 
the Alaska, or Alcan, Highway. In the 
wildest flights of his imagination — and 
his was, indeed, an active mind — he could 
not have conceived that Fort St. John, 
then a tiny trading post on the Peace 
River, would one day become an 
important way-station on an 
ISOO-mile highway vital to the 
defense of his native Great 
Britain and her allies. Nonethe- 
less, that canny young Scotsman, 

Sir Alexander Mackenzie, had 
fought his way up hundreds of 
miles of the Peace River in 
1793 for the same reason that 
motivated a meeting of repre- 
sentatives of the United States 
and Canadian governments 140 
years later. 

The intrepid explorer and the 
joint committee of 1933 were 
both searching for practical 
routes that would further the 
economic development of their 
respective nations — one of man's 
major activities from the earliest 
age of barter and exchange to 
the vast ramifications of today’s 
international trade. 

Seldom have the economic 
lives of two great countries 
been confronted with so many 
varied possibilities of future 
growth through the opening of 
a single new trade route as have 
Canada and the United States 
by completion of the Alcan 
Highway — and probably never 
has such an important link been 
put into service with comparable 
scientific ingenuity and speed. 

So long as the necessities of 
war utilize the facilities of this new, and 
as yet incomplete, road to the utmost, it 
may be too early to attempt specific 
prophecies as to its after-the-war use, 
but certainly it is not premature to specu- 
late on general peacetime possibilities, 
especially when such speculation can be 
based on known facts concerning feasibil- 
ity of agriculture, mining, manufacturing, 
exploration, and recreation in this newly 
opened area. As to settlement and invest- 
ment of capital necessary to foment de- 
velopment of this hitherto little known 
section of the continent, history is 
crammed with stories of the call of the 


frontier. When this newest call comes 
after the war, it seems unlikely that it 
will go unheeded. 

What is there about this latest high- 
way engineering miracle besides its pres- 
ent strategic use and the romance of its 
construction that would cause present 
speculation regarding its future adapta- 
tion? After all, there is a railroad net- 
work throughout the more populous sec- 
tion of Alberta Province; more sparsely 
settled British Columbia is also served 
by the “Iron Horse;*’ the great Macken- 


zie-Athabaska-Peace River system is 
splendidly organized for water-borne 
commerce during the wanner months; 
Canadian and Alaskan commercial avia- 
tion has performed winter and summer 
impossibles for many years. Why, then, 
should an 1800-mile road, traversing some 
of the wildest parts of British Columbia, 
Yukon Territory, and Alaska, be of such 
potential economic interest to the future- 
save, perhaps, to anglers and hunters? 

Primarily, the answer lies in sudden 
and drastic war-wrought changes in trans- 
portation methods, by sea, on land, and 
in the air. Thousands of tons of freight 


must be moved as rapidly as possible be- 
tween points not heretofore considered in 
the same traffic category, or, at least not 
served by adequate facilities. Motor truck 
roads which, under normal peace-time 
conditions, would be considered too costly, 
or unfeasible for other reasons, are built 
over mountains and across deserts. In 
many of these instances it is entirely rea- 
sonable to expect the consequential effect 
which such strategic highways must exert, 
as they have always exerted, on the lives 
of the existing population in the area 
thus served, and on the lives of those who, 
because of increased ease of transporta- 
tion, will become residents of the area. 
Particularly has this been true if the 
newly served section contains natural re- 
sources and agricultural possibilities. 
These abound in Alberta, British Colum- 
bia, the Yukon Territory, and Alaska, 
despite popular conception that much of 
the Great Northwest consists of impas- 
sable muskeg, impenetrable forests, un- 
surmountable mountains — all cloaked in a 
climate too rigidly frigid to grow any- 
thing but icicles throughout most 
of the year. 

Even the young Mackenzie, 
in 1788, wrote in his journal of 
luxuriant growths of garden 
produce in far-north Alberta. 
He mentioned turnips, carrots, 
parsnips, potatoes, cabbages, and 
said: “There is not the least 
doubt but the soil would be 
very productive." It has been all 
of this, and with a vegetation 
generally comparable with that 
of Maine and a winter climate 
less severe than that of North 
Dakota, Alberta has progressed 
far in farming and stock rais- 
ing since the days of the fur 
traders. 

More recently, however, the 
Province has claimed a place 
among mineral-producing states 
of this continent. Surveys of 
newly discovered northern oil 
sands brought estimates of from 
100 to 250 million barrels, of 
which about 1 percent is at 
present economically available 
Said the Edmonton Journal, 
editorially : “The federal (Cana- 
dian) government already has 
set aside $40,000,000 for con- 
struction and equipment of a 
plant to make rubber. Extrac- 
tion of petroleum from Mc- 
Murray oil sands . . . may lead 
to the development of a great 
synthetic rubber manufacturing plant at 
or near tficse northern Alberta deposits." 

Lead-zinc lodes near Great Slave Lake, 
just above Alberta’s northern boundary, 
compare favorably with those of the 
famous Couer D’Alene district in Idaho. 
Still farther north, on Great Bear lake, 
are the world’s richest radium deposits 
and silver ore that is seldom exceeded in 
value anywhere. Alberta’s southern coal 
fields have long produced favorably, and 
of later years three fourths of the salt 
used in the province is mined within her 
boundaries. Copper, nickel, tungsten, tin 
—all vital today and unquestionably of 
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All photographs courtosy Cotorplllor Trodor Co. 

Much of the Aicon Highwoy was constructed through timber. In this stretch tractors 
ond troilbuilders cleared the heavy bush growth; scropers ond groders followed; this 
stretch of the road is surfaced for oll-weother use, with odequote drainoge ditches 


value tomorrow — are known to exist in 
considerable quantities, while the total list 
of lesser minerals found in Alberta would 
reach a score or more. 

Although no part of the Alcan High- 
way itself is in Alberta, its southern ter- 
minus, at Dawson Creek, just over the 
border in British Columbia, is reached 
by a 500-mile standard-gage branch rail- 
road which, in turn, connects with the 
main line Canadian National and a branch 
of the Canadian Pacific at Edmonton. 
The many miles of railroad sidings, the 
scores of warehouses, tlie unloading plat- 
forms, all Army-built for war-time ser- 
vice at Dawson Creek, will still be there 
for possible commercial use when peace 
comes. As present plans do not contem- 
plate extending the highway south of 
Dawson Creek, the Province of Alberta 
and the city of Edmonton will play their 
role in the economic scheme of things to 
come by providing the connecting rail 
link between Alaska and the United 
States. 

W HEN a tried and tough Colonel of the 
Army Engineers said, ‘‘Guts and trac- 
tors built that road,” he must have had 
in mind, among other sections of the Alcan 
Highway, the 662-mile stretch from Daw- 
son Creek to Watson Lake, during which 
it skirts some of the tallest and roughest 
of the Canadian Rockies and attains to 
an elevation of 4212 feet, the highest 
point on the highway. The 366,255 square 
miles of British Columbia have always 
been hard and cruel, but the mountains 
with their severe climate and the milder, 
more temperate valleys hold much that 
man considers valuable. Early known for 
its coastal fisheries and its gold. Canada’s 
westernmost province has been a tough 
economic nut to crack. However, as the 
Dominion’s chief copper producing state 
today, with known extensive deposits of 
lead, coal, zinc, silver, and gold, with 


huge forests of excellent Douglas fir — 
all of which will eventually reach the 
world’s markets in greater quantities than 
at present — British Columbia’s economic 
future needs transportation as much as 
any other factor to assure her continued 
progress. 

Partially due to topographical features, 
soils of the province arc non-uniform in 
texture and composition, varying from 
fertile dark loam and muck to light sandy 
and gravelly areas. Proper irrigation in 
the southern interior has produced 
abundant harvests of fruits, vegetables, 
and field crops, including alfalfa. In the 


Peace River Block, sliced by the Alcan 
Highway, huge virgin agricultural sections 
that are suited for mixed farming and 
grain await the plow. The new road to the 
continent’s “upstairs,” together with am- 
plification of existing railroad and aviation 
facilities, will play its part in the com- 
mercialization of British Columbia’s huge 
“backyard.” 

To the fame of “The Spell of the 
Yukon,” builders of the Alcan Highway 
have added a new lore, no less fascinating 
than that of the Klondike and its gold 
rush. Engineers and construction men 
doubtless agree with Ptjbert W. Service’s 
indictment, “It’s the cussedest land that I 
know.” Although for the most part the 
Yukon is a vast plateau, in the southwest, 
through which the highway winds, are 
portions of the Rockies, including 19,850- 
foot Mt. Logan, highest point in Canada. 
Because of its far-northern isolation, and 
with Pacific winds that might otherwise 
temper the climate cut off by mountains, 
the long Yukon winters arc bitter cold. 
Brief summers, however, are often actu- 
ally hot and the almost 24-hour-Iong days 
produce fairly good crops of grain and 
roots in some sections. But it is with 
minerals, timber, and Alpine-like vistas 
with unbounded summer recreation pos- 
sibilities that the Yukon will bid for future 
economic wealth. There are gold, silver, 
lead, copper, and coal in the rough and 
rugged terrain; there are rich forests of 
spruce and poplar; there are fabulous 
fish in the lakes and streams, and it is 
a hunter’s paradise which will attract the 
sportsman, the nature lover, and the va- 
cationist, with the millions of dollars such 
trade brings to well-organized vacation 
lands. 

Whitehorse, Yukon’s principal city, 
houses about a quarter of the territory’s 
population of 4^7. Owing its birth to 
Klondike days, the town is also the north- 
ern terminus of the narrow-gage White 



Reminiiconf of "Main Street" In ony Americon village prior to the advent of the 
outomobile, the principal thoroughfare of this Alcan Highway town will offer better 
than mud-hole traction to future truck ond bus troffic, ond becouse of economic 
forces, it may become a busy tliOroughfore in o new city of the north country 
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Pass & Yukon Railroad, also of gold rush 
fame, which traverses a torturous 111- 
mile mountain trail to Skagway, Alaska, 
at the head of the Inside Passage, route 
of sea-borne commerce to Vancouver, 
Seattle, and points south. As the junc- 
tion point of rail and highway trans^rta- 
tion to the interior, with a modern airport 
already in operation prior to the war, 
Whitehorse may well find itself on the 
threshold of becoming the future metro- 
polis of the Yukon. 

The Alaska- Yukon border is 325 miles 
west of Whitehorse, via the Alcan High- 



Since 1670 Hudson's Boy Compony hos 
been only commerciol onttrpriso in 
mony bock-of-bohind sections thof 
will now be served by Alcon Highwoy 

way, and 100 miles further is Tanana 
Crossing, where the highway splits, one 
arm running west to Gulkana and a con- 
necting road to Valdez, on the Gulf of 
Alaska. The Alcan's other branch rolls on 
another 100 miles to Big Delta, its north- 
ern terminus, 1582 miles from Dawson 
Creek, where it connects with Alaska’s 
own system of 2366 miles of roadways. 
Thus, by truck and by rail, are the com- 
mercial centers of Anchorage, Seward, 
Fairbanks, Valdez, and other smaller 
Alaskan communities joined to Edmon- 
ton, in Alberta, to Spokane, to Minneapo- 
lis, to Chicago, to New York. 

Of Alaska’s economic future, little need 
be said, save to recall that its original 
purchase price of $7,200,000 has been re- 
turned thousands of times over by its ex- 
ports of furs, timber, fish, gold, silver, 
platinum, copper, coal, and petroleum. 
Often thought of more as a recreational 
area than as an economic factor in the 
life of the nation, Alaska’s agricultural 
possibilities have yet to be plumbed to 
their depths. Wildlife resources are esti- 
mated at $100,000,000; the 1940 salmon 
pack was valued at $31,000,000; more than 
$26,000,000 worth of gold was mined in 
the same year, and other products rank in 
big figures. 

Whether, some day, the “Iron Horse” 
will join forces with the Alcan Highway, 
the coastal steamship lines, and the fast- 
growing aviation industry in linking ever 
more closely the economic lives of Alaska, 
the Yukon, British Columbia, and Alberta 
with the United States is something that 
must await a future answer. As for “the 
road that couldn’t be built,’’ it is in full 
war-time operation, providing means of 
transport for 60,000 to 70,000 tons of 
cargo per month. Thousands of trucks 
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rolled all winter carrying soldiers and 
supplies to Alaskan posts, according to 
Secretary of War Stimson’s announce- 
ment, and they brought back tons upon 
tons of strate^c raw materials. 

First built on an 18- to 24-foot width 
through a minimum 32-foot clearing, the 
Alcan Highway will be widened through- 
out its entire length this summer to a 
24-foot graveled roadway. Eventually, the 
pile trestles which bridge the many 
streams will be replaced by permanent 
structures. Then, too, cuts, fills, and 
grades will be improved from their war- 
time emergency status to the broader, 
safer, more conservative construction. 
When the days of unlimited gasoline and 
rubber return, we may be sure that not 
only will the Alcan Highway find its 
proper commercial niche, but also that it 
will serve as an unexcelled scenic and 
recreational jaunt for thousands of travel - 
hungry Americans. 

• • • 

MYOPES 

lagtNloally SiMiking, Neir-SIglitMl 
PirtoRt SbRalORt Matt 

M YOPiA is believed by science to he 
hereditary. In an address before the 
American Medical Association, Lawrence 
T. Post, M.D., St. Louis ophthalmolo- 
gist, stated that “there is little evidence 
to show that this is usually anything but 
a hereditary defect handed down just as 
other physical characteristics arc. Con- 
tinued stressing of the importance of 
judicious mating may result in its dimi- 
nution and finally bring about its end. 

“Even if it is impossible to bring about 
complete eugenic mating, it may at least 
be feasible to prevent the marriage of two 
people afflicted with extreme nearsighted- 
ness. Failure to do this is probably the 
principal reason for the very large in- 
cidence of this defect among the Germans 
today.” 

NYLON SONEENS 
Will Ntplaat Many Matal 
Soreant After flit War 

ENTIRELY ncw window screen, 
chemically made, and containing no metal, 
will be available to American house- 
holders after the war. It is made of ny- 
lon, now used exclusively for vital mili- 
tary purposes. Having all of the good 
characteristics of metal screening, and 
many qualities besides, it can be produced 
in any color, it will not stain the sills, 
it will not corrode, it requires no painting, 
and tests indicate it has extraordinary 
durability. Pencils or other sharp-pointed 
objects can be shoved through it without 
damage ; the strength and elasticity of the 
strands is so great that they come back in- 
to place merely by rubbing them with the 
fingers. 

In many cases the new screens will not 
even have to be put up in the spring and 
taken down in the fall. They will just 
be rolled up and down on tracks like a 
window shade. 

The idea of making screens out of nylon 
occurred to Du Pont chemists and engi- 


neers several years ago, at the time the 
first nylon toothbrushes were being 
turned out-— even before hosiery was in- 
troduced. But the new child of Du Pont’s 
creative chemistry, derived from the hy- 
drocarbons of coal, the nitrogen and oxy- 
gen of air, the hydrogen of water, made 
such a sensational hit in hosiery and 
brushes that the manufacturers were kept 
busy trying to supply a segment of the 
demand for those articles. The screens 
had to wait. Soon, however, our entrance 
into the war called nylon. into service for 
parachute cloth. 

Meanwhile a few screens had been 
erected at various points for preliminary 
tests. They stood up well even along the 
seashore, where salt spray rusts or cor- 
rodes metal screens very rapidly. Tests 
also showed that the nylon screen was so 
strong and resilient that when something 
bumps into it no permanent bulge is left 

One of the outstanding advantages is 
the “ingrained” color, which does away 
with painting. And since there is neither 
paint, rust, nor corrosion product to peel 
off or run down the frames and window 
sills, the staining from these sources is 
reduced to zero. 

• • • 

BEDS — ^Tke first non-metal beds ordered by 

the Army in holf o century ore collapsible 
ond ore being manufactured of synthetic- 
resin-glued hardwood — holf a million of them 
in 15 factories throughout the country. 

• • • 

SYNTHETIC INSECTICIDES 
Food Lots May be Averted 
by Developflient 

If farms in the United .States this sum- 
mer escape an insect scourge that not 
only would balk the necessary 30 percent 
increase in vegetable crops but might 

well cut our food supply far below normal 
years, the credit will go to American 
chemists for their foresight and deter- 
mination. 

For this summer the stage is set for an 
invasion of bean beetles, pea aphids, cab- 
bage loopcrs, leaf hoppers, worms, 
soldier-bug^, and weevils which can 
devastate far more than the billion dol- 
lars’ worth of vegetable crops destroyed 
in normal years. The stage setting con- 
sists of a serious shortage of rotenonc — 
the toxic ingredient in imported derris 
or cube root — which has held these vege- 
table destroyers in check for the past 
dozen years. This crucial war year finds 
us with less than half of our normal year’s 
supply of this insect-killing ammunition — 
the rest of it being shut off by Jap battle 
fleets and German submarines. 

The picture would be black were it not 
for the fact that American chemists had 
started searching for a synthetic insecti- 
cide to equal the effectiveness of natural 
rotenone long before the war. A group 
of chemists began research on this prob- 
lem way back in 1926. For 12 years, in 
the laboratories of Rohm & Haas Com- 
pany, they concocted lethal brews for in- 
sects, but their efforts received scant at- 
tention from growers as long as rotenone 
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was plentiful. But these chemists contin- 
ued work till finally, in 1938, they per- 
fected an insecticide promising enough to 
try out on peas, beans, and other vege- 
tables. 

For years growers and agricultural 
authorities held firmly to the belief that 
you couldn’t kill pea aphids and cabbage 
loopers, bean beetles and other insects by 
using insect dusts containing any less than 
M to I percent rotenone. Yet, in 1938, 
experimenters found that by adding 
this new laboratory-made insecticide, a 
thiocyanate known as Lethane, they could 
get as effective a dust with only half the 
amount of rotenone normally used in 
dusts. P'or example, on the Mexican Bean 
Beetle, whose taste for beans has carried 
him to nearly every state where beans 
grow, the addition of 2 percent Lethane 
lialved the amount of totenone used 

COMPRESSED FOOD 
Wrapped in Otiloplianei 
Saves Cargo Space 
//U 

iMinRiTioNAL ammunition,” stamped 
out in presses to save tons of cargo space 
and wrapped m cellophane to save steel 
and tin, is being shipped abroad in vast 
(juantities 

Dehydration and compression may be 
considered as steps taken to get rid of 
two space-consuming stowaways in ships 
carrying food abroad to Lend-Lease con- 
sumers and to our fighting forces. One 
stowaway was water, the other air. 

Removing the water telescopes, on the 
average, ten tons of raw food down to 
one ton, and reduces the space required 
by 50 to 90 percent, depending on the 
food product. It also improves keeping 
qualities and in many cases rules out the 
need for refrigeration. 

Compression squeezes out the second 
space-robber, air, and saves 35 to 75 per- 
cent of the already reduced precious cargo 
space. Experience indicates that the com- 
pression further improves the keeping 
qualities of the food. By removing most 
of the air, the opportunity for oxidation, 
one of the contributing causes of food 
spoilage, is reduced. Compression also 
cuts down the food surface area exposed 
to what little air remains. 

The necessity of keeping meats, fruits, 
vegetables, eggs, and other foods in good 
condition during the long and difficult 
trip from an American farm to an Allied 
or American battlcfront imposes impor- 
tant responsibilities not only upon the 
method of preparation but upon the pack- 
aging, Some of the foods are consigned 
to Arctic regions. Others are headed for 
the humid tropics where mildew, insects, 
and heat make it difficult to keep food 
even in normal times. During the war 
some of the food cases may stand on wet 
beaches, exposed to the sun and surf, until 
busy soldiers can move them to a better 
place. 

Because of the shortage of tin and 
steel, cans are available for only a portion 
of the food being exported. Therefore 
technical men of the Du Pont Company’s 
Cellophane Division began studies some 
time ago looking toward the replacement 
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of metal by this thin transparent film and 
various laminations of it. Severe tests 
confirmed the value of cellophane as a 
moisturc-vapor-proof, dust-proof, and 
germ-proof protective covering for foods, 
either alone or in laminated form with 
other materials. As a result of these tests 
cellophane in its various forms is highly 
regarded by various government agencies 
for the packaging of dehydrated food for 
Lend-Lease and Army use. 

In the compression process as developed 
by the inventor, John C. Donnelly of the 
Auto Ordnance Co., each type of food is 
considered a.s an individual problem, and 
the temperature and pressure employed 
adjusted to fit particular rccjuirements 


Some of the dehydrated food is quick 
frozen at temperatures from 20 above to 
20 below zero, Fahrenheit, and held at low 
temperatures during compression to keep 
the fat globules from breaking down. 
Pressures employed range from 250 to 
2500 pounds per square inch. The aim in 
all cases is to compress the food without 
destroying its caloric or vitamin values 
The food can be compressed at the rate 
of 170 cakes a minute, in some instances 
As soon as each cake is formed by the 
press it goes into a cellophane wrapping 
machine, which keeps pace with the press 
The touch of a heated sealing bar on the 
cellophane wrapper seals the contents 
from air and moisture. 



"Put ’em on, Buddy! We need your eyes” 


“I’m giving everything I've 
got, CO preserve the kind 
^ world you want to live 
in. I’m not kicking either, 
but I’m expecting you to do your part, 
too. I depend on your help — in buying 
War Bonds, in saving your tires, in 
searching the house for scrap metal. 
More than that, I’m counting on you for 
a full week’s work — every week.” 

Industrial eye injuries mean priceless 
days lost. Foggy vision means costly mis- 
takes and rejections. Whatever your job, 
your work is no better than your eyes. 

For every job, for every requirement 
you may impose on your eyes, there are 
goggles and glasses to protect eyes and 
to bring vision to top performance. 
Shock-proof lenses. Heavy-duty frames 
for every industrial use. Lenses to correct 
almost any visual defect. Graceful rimless 
eyewear for those who want to look well 
while they see well. 


Bausch & Lomb is manufacturer of gog- 
gles, lenses, eyewear and eye examination 
instruments. Less spectacular, perhaps, 
these contributions are as important as 
the special Bausch & Lomb instruments 
of war — range finders, binoculars, anti- 
aircraft height finders, aviators* goggles, 
aerial mapping equipment, and many 
others going every day to the forces of 
the United Nations. 

Your eyes are important to you — impor- 
tant to the nation. There are men in your 
community qualified to examine your eyes 
skillfully, to fit the right glasses. They are 
ready to put your eyes in fighting trim. 


BAUSC 
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Cost of the process, it is pointed out, is 
no more than packaging the same food in 
tin cans. In fact, in many cases it is less. 
Compressed foods now include potatoes, 
carrots, cabbage, onions, soy bean flour, 
apples, soup mix, eggs, beets, and cabbage 
soup. Some of the products are com- 
pressed into cakes slightly larger than a 
yeast cake. Others arc put up in one-pound 
units. A package no larger than a small 
shoe box contains enough compressed 
potatoes to serve 100 men. 

Eggs, because of their high nutritive 
value, have been an important Lend-Lease 
and Army item. Dried, they take up only 
a sixth as much space as in the shell, and 
when compressed the bulk is further re- 
duced by half. A 14-pound package of 
compressed dehydrated eggs contains the 
equivalent of 537 fresh ones. Expressed in 
another way, a dozen eggs, dried and 
compressed, ride in approximately the 
cargo space that is needed for only one 
egg in the shell. 

CONTAIIIEII CLOSURE 
MtkM Pntibla Rt-Uta 
•f Qiatt Jan 

K^iluons of “thrifty lids“ will be avail- 
able this season to assist the housewife in 
putting up fruits and vegetables at home. 
The thrifty lid, a war-time closure de- 
vice which makes possible the re-use of 
commercial glass containers for preserving 
foods at home, was developed by The 
Owens-Illinois Glass Company. The suc- 
cessful distribution of millions of thrifty 



Vocuum cops for jor re-use 


lids last year has resulted in the release 
of sufficient metal this year to further as- 
sist the American housewife with her 
home preserving. 

The thrifty lid was originally developed 
to fit the 63mm. opening of glass coffee 
containers. It may be used on any com- 
mercial glass container having the same 
size opening, with the aid of the origi- 
nal metal screw cap that comes with the 
jar. 

Since metal screw caps for glass coffee 
arc gradually being replaced with paper 
caps, housewives are advised to save metal 
caps along with coffee containers and 
other jars she is holding for household 
use. 

The thrifty lid itself is a thin, composi- 
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tion-lined metal disk which may be pur- 
chased singly or in quantities of a dozen. 
It is used in combination with the metal 
screw cap that c^me on the jar originally. 
The first step is to scrape all of the 
composition lining out of the inside of 
this original metal screw cap. It is very 
important to remove this completely, since 
any remaining lining may adhere to the 
top of the thrifty lid during processing. 

From then on regular preserving 
methods are followed. The jars are filled 
with the food to be processed, the thrifty 
lid is placed on the neck of the jar and the 
original cap is screwed over it to hold it 
in place. After processing, when the jars 
have cooled, the screw cap may be re- 
moved and used over again. The thrifty 
lid is held in place by vacuum, and, of 
course, may be used only once. 

THIRD DIMENSIOR 
Effaet Obtilnad WHR 
GanvaiitloRal Mavia Camara 

N ENTIRELY new principle for the pro- 
jection of third dimensional moving pic- 
tures has been developed by Everett H. 
Bickley, of Philadelphia. Through the use 
of a “swing mount“ it is possible to ob- 
tain the illusion of depth in a projected 
moving picture without the use of special 
cameras, films, projectors, or screens. 

As our photographs show, the camera 
is moifnted on one end of a set of movable 
arms, another end being attached to the 
tripod. The design of the arms is such 
that the camera is rigidly held against 
vibration yet can be swung freely from 
side to side. 

In taking the picture, the scene is com- 
l)osed in the finder and the exposure is 
made in the usual way except that the 
camera is swung very slowly back and 
forth during the taking of the picture. 
Speed of the swing is about eight seconds 
in each direction. 

The resulting third dimensional effect 
is obtained because, while the camera 
swings on the arms, it is kept pointed at 
the principal object by means of an aux- 
iliary arm which keeps the lens correctly 
aimed throughout the swing. Since the 



Focusing Hio swing mount 



Focusing the swing mount 


lens steadily and continuously aims at the 
point of principal focus, through adjust- 
ment of one of the arms, all blur is 
avoided, the interest is not distracted by 
the swing of the camera, and the appear- 
ance of third dimension is created by 
the movement of the foreground and the 
background. 

• • • 

NETS— Fishermen in west coast woters ore 

now using purse-seine Hoots mode of gloss 
insteod of cork. These floots ore enclosed 
by woven rope pockets which protect ogoinst 
smoshing and breokoge, ore more duroble, 
ond lost longer thon cork. 

• # • 

CNEMUR6I0 RUBBER 
Madi from a Bata af 
Vegitabla Oils 

Commercial production of a new syn- 
thetic rubber, using a base of domestic 
vegetable oils not considered suitable for 
edible purposes, has been under way for 
several months, it was announced recently 
by Dr. N. E. Van Stone, vice president of 
the Sherwin-Williams Co., in charge of 
operations. Called “KemPol,” the veg- 
etable-oil rubber substitute is a develop- 
ment of the Sherwin-Williams research 
laboratory’s work with “drying oils” used 
in paint manufacture. 

Unlike most chemurgic rubbers, Kem- 
Pol requires no critical equipment for its 
manufacture and the volume of produc- 
tion will be limited only by the amount 
of oil available for the purpose. 

Tensile strength, elongation, and abras- 
ion resistance of KemPoI are not on a par 
with those of natural rubber, although in 
many other properties it compares so 
favorably with natural rubber as to enable 
its use in many products such as treads, 
mats, pads, erasers, gaskets, braided hose, 
and so on. Since no toxic raw materials 
are used in the manufacture of KemPol, 
it may be used for such other work as jar 
rings and various types of seals for food 
containers. 

KemPol lends itself readily to emulsi- 
fication and — ^with certain limitations — ^to 
solutions, so that a number of successful 
applications in the fields of fabric coating, 
tapes, adhesives, and sealing compounds 
have resulted. KemPol sponges easily, 
offering many possibilities in that field. 

KemPol also shows considerable prom- 
ise as an extender for natural reclaimed, 
and the Buna and Butyl rubbers, with all 
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of which it is readily compatible. The 
customary fillers, extenders, and accelera- 
tors have been found to work well with 
KemPol and standard rubber making 
equipment, as found in the average rubber 
plant, is entirely adequate for the purpose. 

Tensile strength of the new “rubber” is 
300-500 pounds per square inch, and 
elongation is 100-150 percent. After ag- 
ing 72 hours at 170 degrees, Fahrenheit, 
tensile strength increases about 100 per- 
cent and elongation decreases about 33 
percent. 

ROOFING 

Sbliiglet Htltf in Plaet 
by ‘‘Spot Woltflng“ 

V AKious types of roofing materials — 
roll roofing, strip shingles, and so on- 
can be applied with the use of a mini- 
mum numlier of nails through the appli- 
cation of a “spot welding” system devel- 
oped by Paraffine Companies, Inc. 

Roofing applied by this method is held 
in place with about 50 percent of the 
usual number of nails, while a cementing 
material. Hydroseal, is applied in spot^ 
between layers. These spots of adhesive, it 
is claimed, hold the roofing securely 
against the force of a 50 mile an hour 
wind. 

POST-WAR TRANSPORTATION 
Highway Yabiclas Will ba 
Improvad In Many Waya 

N^any developments of the war produc- 
tion period can undoubtedly be applied to 
peacetime vehicles with beneficial results, 
if industry is given a free hand. This was 
recently emphasized by Robert F. Black, 
President of The White Motor Company, 
when reviewing technological changes and 
developments in the design and use of 
motor transportation units. 

Speaking of engineering possibilities, 
Mr. Black said that “when the war 
stopped production, it pigeon-holed many 
improvements which had been recently 
developed or were still under development. 
It is unlikely,” he opined, “that the first 
commercial vehicles to be produced im- 
mediately after the war will differ radi- 
cally in general design from those in pro- 
duction last year. The immediate need in 
all probability will be too great to allow 
quick and drastic redesign. 

“Yet, just as World War I was the 
cradle in which the motor truck was 
nurtured, so World War II can easily be 
responsible for evolution of entirely new 
departures in vehicle design. Large scale 
production of motor trucks for the armed 
services can easily mean, for instance, that 
designs which have not had much popu- 
larity among operators in the past, may 
by their performance stir a general com- 
mercial demand. 

“It appears inevitable that a trend 
toward higher horsepower in truck 
engines should set in. The war has 
brought in large scale production of 100- 
octane gasoline for airplanes. One would 
expect increase in engine compression 
ratios to take advantage of the higher 
anti -knock qualities of the 'new fuels. 
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Within the realm of possibility is intro- 
duction of super-chargers on truck 
engines. 

“It is anticipated in the industry that 
there will be a continuing demand for 
more and more automatic and semi-auto- 
matic operation of transmissions in heavier 
trucks and busses. It is the further view 
of many engineering minds that there will 
be a marked increase in the output of 
trucks with front as well as rear driving 
axles. Rapid strides have been made in 
recent years with this type of vehicle in 
its development for the all-purpose needs 
of the Army. 

“Experience being gained in the current 
conflict will lead the way for reducing net 
weights of the vehicles so as to increase 
the payload to be carried and thereby 
decrease the cost of the transportation. 
Unquestionably there will be further im- 
provement of the safety features of the 
vehicles due to research that was on the 
way before the war, as well as experience 
now being gained. 


“The industry is watching closely the 
advances that are applied to aviation to see 
what can be adopted for the motor truck 
and bus, just as motor vehicle develop- 
ments have been applied in aircraft de- 
velopment and even, in recent years, by 
the railroads.” 

While offering these future possibili- 
ties, Mr. Black said that no experienced 
truck man would undertake to chart out 
a definite evolutionary pattern for the 
years ahead. The reasons, he said, are 
found in the factors which have shaped 
truck, bus, and trailer history to date. 

“In other words, the motor vehicle is 
limited by the highway systems and the 
terrain traversed; motor vehicle develop- 
ment is affected profoundly for good or 
bad, by restrictions and regulations; the 
engineering of engines and vehicles is 
fluid and subject to changes of very great 
proportions; and, most important of all, 
the positive force in the development and 
improvement of truck, bus, or trailer is 
the one created by the ideas and wants 
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Saving Time is of vital importance, for every second saved 
hastens victory and brings us that much closer to jHJdce. 

Time is saved and precious machine hours arc gained on 
many operations through the use of South Bend Lathes. 
Their wide range of spindle speeds permits machining 
work wfth maximum culling tool efficiency. Their versa- 
tility keeps setup time to a minimum — adding hours to 
machine output on short runs or when product specifica- 
tions are frequently changed. Conveniently placed, smoothly 
operating controls contribute to an case of operation that 
reduces fatigue and increases manpower efficiency. 

Most important of all time-saving advantages is South Bend's 
dependable precision which assures maximum production 
even when extremely close tolerances must be maintained. 

SOUTH BEND LATHE WORKS 


SewHi Bend, Indlona 


Lcdhe Builders for 36 Yeers 
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of tens of thousands of people all over the 
country, each with a job to do, and each 
wanting a vehicle that can handle it. Com- 
tnercial vehicles must adapt themselves to 
the load rather than the other way 
around/' 

FAOKAQID OOFFBE 
Bnoagli far Tw# Caps In 
A lNmlaam Fall Paakat 

Coffee now goes to the front in snug, 
feather-weight packets, each containing 
sufficient coffee concentrate for two gen- 
erous cups. Standard equipment in ration 
K, these packages arc made of aluminum 



Aluminum foil protects coffee 


foil one thousandth of an inch in thickness 
and coated on one side with a thin film 
of a thermal plastic for hermetically heat- 
sealing all four edges. 

This type of packet is impervious to 
light and moisture and is resistant to the 
effects of either the intense heat of the 
tropics or the extreme cold of the far 
north. The aluminum foil gives the packet 
ample strength and effectively shuts out 
light, while the plastic coatings, both in- 
side and out, serve their respective pur- 
pose of heat-sealing the packet, strength- 
ening and protecting it against rough 
handling. The powdered coffee in a single 
package weighs barely five grams, and 
the filled capsule weighs only six grams. 
An equivalent amount of coffee of a nor- 
mal grind weighs twenty-five grams, not 
counting the weight of the container 

Results obtained in the field are highly 
satisfactory. Soldiers report that the cap- 
sules are easy to handle and the coffee 
simple to prepare. Where a fire is not 
available, the powder may be mixed with 
cold water. 

HEALTH EXPEETS 
Will bt In Qrtatnf 
Post-Wir Diniind 

Health, foundation of the nation, will 
demand the most trained experts after the 
war, according to E. E. Crabb, president 
of Investors Syndicate, in a report on 
predictions of 346 American colleges, 
technical schools, and universities. 

“Nearly one of every three predictions 
by American educators on post-war de- 
mands for trained experts, perhaps re- 
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fleeting the maxim, ^health alone is vic- 
tory,' forecasts health or allied activities,” 
continued Mr. Crabb. “Over a fifth of 
the replies mentioned business or asso- 
ciated fields. Natural sciences received 
18.4 percent, other professions 13.2 per- 
cent, social work 6.4 percent, miscellane- 
ous experts 3.6 percent, and government 
specialists 3.4 percent of the total. 

“Ten occupations accounted for 72.36 
percent of the total mentions in the list 
of 65 specific types of experts. The num- 
ber of times such experts were mentioned 
and their percentages to the total fol- 
low: doctors 118, or 11.6 percent; engi- 
neers 104, or 10.2 percent; foreign trade 
specialists 99, or 9.7 percent ; teachers 98, 
or 9.7 percent; nutritionists and social 
workers each 54, or 5.3 percent; occupa- 
tional therapists 46, or 4.5 percent; den- 
tists 37, or 3.5 percent; economists 33, 
or 3.2 percent ; and business admin- 
istrators 31, or 3 percent.” 

“What trained experts will be most in 
demand after the war?” the nation’s 
higher educational institutions were asked 
Three liundred and forty-six schools — 261 
co-educational, 54 women's, and 31 men’s 
— replied, many of them mentioning more 
than one type of experts in their aggre- 
gate of 1071 mentions. 

Doctors led the list in both co-cduca- 
tional and men's colleges. Teachers 
headed the list in women's schools Engi- 
neers came second in both co-educational 
and men’s universities, while nutritionists 
held that place in women's institutions. 
Foreign trade ranked third in both co- 
educational and men's faculties, though 
sixth in women's colleges. Medical tech- 
nologists took third place in schools ex- 
clusively for women 

*TISH.EYE» CAMERA 
Aids In Study tf 
Llgfctlnf Frfbltmt 

P HOTOCRAPHS made with a “fish-eye” 
camera, which show everything in a room 
above its own level, enable engineers to 
solve quickly problems of illumination 
which would otherwise require elaborate 
and lengthy calculations. This “illumina- 
graphic camera,” it is stated, will be spe- 
cially valuable for studying the illumina- 



Stf-np of flit ''fiih-tyt“ comtro 



A picture mode with the “fish -eye” 


tion in airplane and other war factories, 
built without windows and lighted with 
large areas of fluorescent lamps. 

In an experimental model, a camera of 
customary type is mounted on an iron 
stand, and iK>intcd toward a curved mir- 
ror. The curve of this mirror has to be 
adjusted very accurately. The result is 
that a photograph taken of the reflection 
shows the area of extended light sources, 
such as a window which shows the sky, or 
a bank of fluorescent lamps, in exact pro- 
portion to the amount of light which a 
surface at the location of the mirror re- 
ceives from the light source. 

Even if the area from which the il- 
lumination comes is irregular, it can be 
measured easily on the photographs with 
an instrument called a planimeter. When 
the brightness of the source is known, the 
actual illumination at the mirror can be 
determined. 

Both the camera itself and the support 
are visible in the picture, but they take 
up a small area, and ordinarily would 
not affect the result. It is not necessary 
that the mirror be horizontal. It can, for 
example, be placed at an angle, as to 
measure the illumination of a sloping 

drawing board. By determining the 
amount of light received from a window, 
and between its various parts, such as 
the upper and lower sashes, the most ef- 
ficient lighting may be planned 

• • • 

WOODLOTS-— Well-monoged form woodlondt 

in fhe Lake Sfofes are capable of yielding 
annual returns of $5 or more per ocre, as 
compared with present average returns of 
less thon $3 per ocre, occording to the 

United Stotes Department of Agriculture. 

• • • 

ENGINE MOUNTING 
Insalitts VIbrttloR, Ums 
iHt Rublitr 

INSULATED engine mounting that re- 
duces the amount of steel and rubber re- 
quired by 17 percent and can be had in 
almost any combination of metals and 
rubber, or synthetics, to suit individual 
requirements, is used primarily to insu- 
late vibration, absorb shock, and com- 
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Evinrude Power for 
Swift Storm Boats 

**Stonn Boats’* they* recalled . . . these slashing little hurricanes 
of power and speed. They can float in mere inches of water. 
They can weave, twist, dart like furious hornets. And they 
can whisk a landing force to a beach in a breath-taking hurry I 

Moton for the Storm Boats . . , motors jam-packed with 
power and stamina ... the assignment to build them was 
given to Evinrude. Years of experience building great rac- 
ing Evinrudes, mightiest of outboards, gave quick answer 
to every requirement of speed and niggedness and “fighting 
heart”. Down the production lines they came . . . dynamic 
“storms” of eager power to drive the fleets of Storm Boats I 

Giving top speed to assault craft . . . driving heavily laden 
barges and lighters... capably powering small boats of every 
type . . . Evinrude motors are serving on many fronts ! Building 
for Victory is our sole job now . . . with peace, there will be 
brilliant new Evinrudes for happy days on the water again. 

EVINtUDE MOTORS, M//wowfct«, Wltcontin 
Svinrwi9 Mofof* of Canada, Patarboro, Canada 
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of the vitamin B-complex, or of protein. 
For instance, cirrhosis has been produced 
in rabbits on diets which lacked yeast 
Rats fed rations deficient in the vitamin 
B-*complex develop fatty degeneration and 
necrosis of the liver; they can be pro- 
tected from this degenerative change if 
the B -vitamins arc supplied. Dogs fed 
diets low in protein, deficient at least 
evidence of hepatic damage which can be 
corrected if the deficiency is eliminated. 

Much recent investigative interest has 
centered about the importance of protein 
and some of the amino acids in hepatic 
physiology. The general plan of these 
studies has been to feed rats synthetic 
diets low in protein, deficient at least 
in some members of the vitamin B-com- 
plex, and containing varied amounts of 
carbohydrate and fat. A large percentage 
of the animals subjected to this regime 
developed fatty infiltration of the liver, 
necrosis of hepatic cells which usually 
begins in the central or midzonal areas 
of the liver lobule, and periportal cirr- 
hosis. Hemorrhage frequently accompanies 
the necrosis. These changes have been 
prevented in whole or in part by feeding 
choline, brewers’ yeast, a combination of 
crystalline thiamine, riboflavin, pyridox- 
ine, pantothenic acid, and choline. 

• • • 

NIGHT SIGHT — Just as night fliers are se- 
lected by special eye tests for ability to 
see in the dark, so employes in photo-film 
plonts ore chosen, since they must work 
without illumination to produce modern 
super-sensitive films. At some plants a 
"change room" is provided where men finish- 
ing work con slowly odjust their eyes to doy- 
light brightneu. 

• • • 

VIRUS KILLER 
Found in the 
Ultm-Vloiet Roy 

The disease-carrying virus, spreader 
of wartime epidemics, has an “Achilles 
heel" that makes it vulnerable to ultra- 
violet rays and consequent destruction, 
according to Dr. Harvey C. Rentschler, 
director of research at the Westinghouse 
Lamp Division. Experiments with these 
tiny particles of chemical substance have 
indicated, he says, that “bullets of ultra- 
violet light" must strike a certain spot in 
the virus before it is “killed" or injured, 
but when such accurate shots are made, 
it means certain annihilation for the dis- 
ease carrier. 

“This ability of ultra-violet to inactivate 
virus means that science now has an ef- 
fective weapon to use in the battles against 
influenza, infantile paralysis, and the com- 
mon cold, among other diseases thought 
to be caused by virus," he declares. 

Dr. Rentschler, under whose direction 
the germ-killing Sterilamp was developed 
for practical application, has conducted 
thousands of tests to determine the exact 
amount of ultra-violet radiation required 
to inactivate virus in various quantities 
and conditions. 

"We have known that air-bome bac- 
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teria can be completely destroyed when 
subjected to enough radiation at the cor- 
rect wave length,” he explains, “but our 
experiments with bacteriophage, a type of 
virus, have produced curious results. 

“We found in one experiment, for ex- 
ample, that six arbitrary units of ultra- 
violet radiation will inactivate 50 percent 
of the bacteriophage sample and that 12 
units will destroy 75 percent. When we 
applied 400 units, better than 99.9 percent 
of the virus particles were inactivated. 



Exposing viruses to ultro-violet 


We have yet to achieve 100 percent de- 
struction consistently, however, since even 
such a heavy barrage of ultra-violet rays 
apparently misses the ‘Achilles heel’ of a 
few virus particles. 

“Bacteriophage particles and probably 
other viruses seem to be destroyed when 
a photon of ultra-violet light of the proper 
energy hits the proper band in the mole- 
cule," states Dr. Rentschler. “In the case 
of bacteria, on the other hand, our tests 
have shown that the killing action is 
caused by the accumulated energy of the 
different photons. 

“In other words, photons, which might 
be called ‘bullets of light,’ must strike a 
vital spot on the virus molecule or else 
the virus is unharmed. When bacteria are 
struck at any point, however, they receive 
either a partial or fatal injury." 

The viruses, which many believe to be 
merely chemical compounds and not liv- 
ing organisms like bacteria, have been 
found to be a widespread cause of disease 
in man, animals, plants, and insects, Dr. 
Rentschler points out. They are so small 
that they pass through all filters and can 
be seen only for a moment in outline by 
the powerful electron microscope. 

RIBBON RENEWER 

For Typtwritan, LasgtliaRs 

Lift, la iRtxptMivt 

NA^ith a simple little device, and the 
necessary chemical fluid, it is now pos- 
sible to lengthen the useful life of office 
machine ribbons at a reported cost of 
1}4 cents each. 

The manufacturer of the device claims 
that the average typewriter ribbon can 


give three to five times the normal ser- 
vice if it is given a periodic treatment 
with the chemical, which restores the 
original brilliance and keeps the ribbon 
soft and pliable, thereby preventing wear. 

The reviving is done by merely rewind- 
ing the ribbon through a simple appli- 
cator device which is filled with the fluid. 
It is not necessary to remove the ribbon 
from the typewriter. 

• • • 

SALVAGE — Mexico plans to lalvoge o 
sunken gunboot, the Vera Cruz, to kelp 
provide Krop for her growing steel produc- 
tion. According to o Mexicon radio broodcost, 
the gunboat was sunk by its own crew in 
1914 to prevent it from foiling into the hands 
of revolutionists. 

• • • 

FIRE BLANKET 
Detlgnad to ExfingMlth 
Flaming Clothing 

F OR USE in war industries and by air 
raid wardens, first-aid stations, and so on, 
a new heat-resistant flameproof blanket 
has been recently made available. This 
blanket is contained in a convenient casing 
which may be hung on the wall or carried 
in the hand and from which the blanket 
can be instantly removed. In case of fire, 
the blanket is pulled out of the case and 
thrown around burning clothing. 

SUNLIOHT RECORDS 
Modi hy Uh of 
Solf-Opornting Oovloo 

THE Ohio State University’s green 
houses, where sunlight data are impor- 
tant in the study of soilless horticulture, 
constant records are made by the use of a 
detector consisting of either a photoelec- 



Detector of sunlight 


trie cell or an Eppley pyrheliometer. The 
detector is exposed on the small platform 
shown in the accompanying photograph, 
just outside the greenhouse, and is con- 
nected by leads to a Micromax recorder, 
located in a laboratory some distance 
away. 

Except for minor attachments, the 
Micromax is exactly like those generally 
used for recording of temperature. It is 
a self-balancing potentiometer, hence is 
unaffected by changes in the resistance 
of the leadwires. It has no calibrated 
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springs; no helixes; no jewelled bearings. 
It is self-standardizing, driven by an elec- 
tric motor, and holds ample supplies of 
ink and chart, hence operates for days or 
even weeks with no attention, thus freeing 
its user for other work. 

IMPAOT SWITCH 
Aetf to Provooi Fin 
in Plano Crathot 

^^NOTHER in the long list of safety 
devices developed for United States Army 
and Navy planes is an ingenious “impact 
switch” which automatically discharges 
several pounds of liquid carbon dioxide 
into the engine compartment when a 
combat plane crashes. The device, devcl- 



Switch that prevents crash fires 

oped by engineers of Walter Kidde & 
Company, functions as an automatic fire- 
man to release clouds of fire-killing vapor 
into an engine compartment even though 
the pilot is unconscious or rendered in- 
capable of quick action. The switch con- 
tains a trigger device which can he set to 
go off under a force greater than any 
encountered during the sharp dives and 
twists of aerial dog fighting or rough 
landings on humpy fields. 

QASKET 

Combines Sponge Rubber 
and a Synthetic 

JpoNGE rubber gaskets covered with a 
smooth coating of natural rubber or 
Ameripol synthetic rubber by the extru- 
sion process are now being used in prod- 
ucts of war, mainly airplanes and tanks, 
where they are proving their value as a 
scaling member in severe service. After 
the war, this new type gasket is expected 
to find wide use on refrigerators, automo- 
biles, and other products. 

When made with a covering of Ameri- 
pol, the synthetic rubber developed by 
B. F. Goodrich, the new gasket withstands 
the destructive action of oils and greases 
which have so often spelled destruction 
to refrigerator door gaskets made of nat- 
ural rubber. The ability of this synthetic 


HUTCHINSON FNISMATIC COMPAII 

I In. 41«., br«Mi, black cnamaUd, im- 
proTCd pattarn. with opcnlas In top, 
floatlnt jowolod dial, f In. Bach... $10.60 


HAND CLINOMETERS, PENDANT 

U. S. Army Engineers, Geologists, Sur- 
veylng, Mapping, etc. Magnifying ]Efye- 
plece ......................... ................ IS.60 


Variable Rheo- 
stat, Ward Leo- 
nard vitrohm, 
double plate 8^ 
dla. 5 to 15 amp, 
4 ohm, front or 
back oonneoted 
$18.00 
Ward Leonard 
Vitrohm Rheo- 
stats. Variable 
600 ohm, .2 to 1.6 
amp., 85 steps, 
Aeld remiUtlon 
tnpe .*M»Mg|2iC0 


U. 6. Army Oancraton. Signal Oorpe double cur- 
rent, band driven; delivers 8 volts at 5^6 AMPS, 
and 360 volU at .26 AMPS. 

Bronss Gears in Aluminum Oast. 

Approximata Walgbt: SO pounds. 

Price ^5.00. 


Prisma, Blnocuiara, Bauacb A Lomb, assd, 
slightly chipped, 1 11/18 Inch long 
by % inch wide $8.00 


nOB WmtQVESOT OtHBBATOBO-^O 
4800 RPM. Ball Bearing, Balf Bxeltad. 

400 cycle 116 Volts 200 WatU I8S.88 

600 cycle 116 Volts 250 Watts Si.M 

600 cycle 116 VolU 600 WatU M.N 

600 cycle 116 VdU 200 WatU iS.H 

000 cycle 110 VolU 200 WatU 4S.M 






U. I. ANMY 
AINCRAFT MIRRO- 
PHONE 

Manufactured West- 

ern Rlaetrie, ISO ohms 
Breast ty^ carbon 
mlorophona tranamlt- 
Ur, noise proof, com- 
plete with cord, plus 
and breastplate. Bxosp- 
Uonal value fUM 


TUNDSTEN CONTACT DISCI 

1 3/16" dla.— 1/16" thick. Pur# metallie tungsten 
eontaoU. Machined and poUabsd. 

$2.00 ca. $8.0$ per pair 


U. I. Army Eigliooro Prltmoflo e$m$aM 

Pocket type 160* Limited Quantity. $10.50 


DIAL SWITCHES FOR TELEPHONES 

‘‘Kellogg” 4 terminal. 10 digita. Diameter 

14", new SS.6S 


Webster 84* epark eoll. 110 volt. 60 cycle 30 
watU. with vibrator 66.06 


Variable Rheo- 
stat. Cutler 
Hammer, 4 to 
12 amp., 6 ohm 

l(r X 18"....S18.00 



Woof -miA/. Anfi Motors. Bynchronous. 220 v. 60 cycles 160 
cLpaclfy sW^tchl c... .!«. b. on UP V. 

with Platinum Contacts. Double B#Voilltidll Covolcr 

Throw $2.00 each 


U. S. Navy Oivori Laatora 

Electric 150 watt, any voltage, solid 
cast brass. 800 lb. test. Weight 18 lb. 

Price SMS I 



U. S. ARMY TELEGRAPH SET 

Signal Corps telegraph key and sounder 
mounted on mahogany board Oper- 
ates on 8 dry cells. For Morse Code. SStSS 


TlANSMiniNO 

CONDENSiaS 

MICA 

operating ‘volU 11.- 
600. cap. 004. 

Dublller 6U.66 

Wireless Speo. 116.60 
op. volU 6.500. eao. 
61.66 



81z number, (698996) non-reset, dimensions over- 
all W long, W wide, and l-6/16*‘ high. Nu- 
merals Vs' high, nloaei plated. Bpeolal. .. $7.60 

GLASS MERCURY TUBE SWITCHES 

8 amp $1.95 10 amp $2.25 

20 amp 2.95 


Telegraph and busser portoble seU, mahogany 
case, 2 tone 4 contact platinum point high fre- 
quency buBur, 2 Ultphone toggle switches, po- 
tsntlomeUr, sending key, 3 mfd. condensers, 
transformer and 2 choke colls, rseelvsr. ...919.99 


Condsnaof, Dnhlllor. 


Motors, Synchronous. 220 v. 60 eyelee 1800 
RPM. ^4H.P IS6.N 


Motors, Synchronous, 220 v. 60 cycles 1600 R P.M. 
1&H.P 666.60 


SIRENS 

Universal AC A DC 120 volt Portable^ 
Weatherproof Limited number SSSiSi 


U. S. Army Alixrtft, 
solid brass telegraph 
and radio transmit- 
ting key, large eon- 
taoU $2.95 


SiuKlt Strok* Eiootrle Congo 

Edwards 12" bronse DO 6 Ohm Mach Wound 618.90 
Edwards 10" bronse DC 6 Ohm Mech. Wound 16.66 
Edwards 6*^ bronse DO 6 Ohm Mech. Wound It.St 

n. S. N. double current generator, 460 volt at 

260 mills and 9 volU at 3.76 amp. Complete 

with Alter. May be uMd as dynamotor .. 66i«N 


EDISON ST0RA6E BATTERIES 

Celia are In excellent condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 20 years. Two- 
year unconditional Guarantee. 

A-4 Amp. Hrs. IBO Ea. $6.00 

A-f Amp. Hrs. 225 Ea. 5.00 

A-7 Amp. Hrs. 262 Ea, 7.00 

A-l Amp. Hrs. 800 Ea 7.00 

B-S(J-I) Amp. Hrs. 87 Ea 6.50 

L-lf Amp. Hrs. 18..~ Ea. 2.50 

L-45 Amp. Hrs. 85 Pr. 4.00 

All cells 1.2 volts each 

Above prices are per unit cell. For 6 volt system use 
5 cells, 12 vt. — 10 cells, 110 vt. — 88 cells. Note: On all 
cells 75 amps, or less an additional charge of 10% is 
to be added for trays. 


NAIIUnM ELECTIICiL URtiil HOUSE, INC., Bipl. t.S., 12S ChmbmSi., In TirV 
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Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 
...Tlie Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 
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rubber to withstand extremely low tem- 
peratures also will make the new develop- 
ment especially valuable in the refrigera- 
tion industry. The gasket has a much 
lower permanent set than the tubular type 
heretofore used on refrigerators and auto- 
mobiles, and is as soft and compresses as 
well as the older type. 

In the new process, the sponge rub- 
ber filler used is molded in slab form, slit 



'W 

Section of new extruded gasket 

into strips, and fed through a special ex- 
truding machine to obtain the smooth 
covering which varies in thickness accord- 
ing to specifications. 


TOOL EXPANSION — A fine machine tool 
cannot turn out the same size article during 
a cool midnight shift os during a hot noon 
shift, unless the temperoture at the machine 
is the same. Heat expands the tool ond moy 
vary the size of the part enough to disrupt a 
final assembly line completely. 


VITAMINEWS 

Mike Roam for Moro Vltamlno— 

Thoy’re Boing Dltoovorod 

The la pest tally on the number of B 
vitamins shows that there are at least 
a dozen separate compounds in this group, 
the vitamin B-complex. Evidence for the 
existence of seven relatively new members 
of the group, and what they are likely 
to mean in terms of human nutrition and 
control of still unconquered diseases, was 
presented by Prof. C. A. Elvehjem, of the 
University of Wisconsin, at a recent meet- 
ing of the Society of Sigma Xi. 

Biochemists and nutritionists now speak 
of six B vitamins with considerable 
familiarity. Prof. Elvehjem said. These 
six are thiamine, riboflavin, nicotinic acid, 
pantothenic acid, pyridoxine, and choline 

Experiments by many scientists as well 
as those of Prof. Elvehjem and his staff 
have recently demonstrated vitamin-like 
activities for biotin, which is now avail- 
able in pure form; inositol and p-amino- 
benzoic acid, two known chemical com- 
pounds ; folic acid, which is being studied 
extensively as a growth factor for bac- 
teria ; two chemically unknown factors 
needed by the chick for growth and for 
feather production ; and one or more fac- 
tors of significance in guinea pig nutrition. 

Rather definite evidence is available to 
show that biotin is of importance in human 
nutrition, Prof. Elvehjem said. Little can 
be said about inositol in human nutrition. 
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The fact that a number of animals do 
require this compound makes it neces» 
sary to at least consider its possible es- 
sential nature in humans. p-Aminobenzoic 
acid can undoubtedly produce certain ef- 
fects in the human. 

Indirect evidence, including studies on 
man’s close relative, the monkey, suggests 
that folic acid may also have significance 
in human nutrition. 

YAOUUM PUMPS 
Employ Billows Drivon 
by Elootrlo Motors 

POSITIVE-TYPE vacuum pump for i)ro- 
duction and laboratory application is 
available in two standard sizes, supplied 
with individual electric-motor drives, or 
without motors for use with an available 
power source. 

The pump employs four bellows 
mounted within a square wood frame, 
connected to each (Hher and to the pump 



Smooth running, low mointenonce 


outlet by a channel running through the 
frame Bellows, which are successively 
expanded to exhaust air or gas from the 
tHpnpmcnt to which the pump is con- 
nected, arc driven by a revolving shaft 
through lonnectmg straps. The shaft is 
V-bclt driven at a relatively slow speed, 
approximately 200 i evolutions per minute, 
contributing to a smooth running unit 
and low maintenance 

Flexible sides of the bellows are made 
of leather, as arc intake and exhaust 
valves All joints are gasketed by neo- 
prene cloth, and the frame or case has a 
black wrinkle finish. The larger of the 
two units is rated at 15 cubic feet dis- 
placement at four inches of mercury. Bel- 
lows are six inches wide, and pumps in- 
dividually driven use a ^-horsepower 
motor. The smaller unit, rated at seven 
cubic feet displacement at four inches 
of mercury, has four-inch l)ellows and 
uses a 1 /6-horsepower motor. The pumps, 
made by American Automatic Type- 
writer Company, are equipped with gov- 
ernors to vary their capacities, and to pre- 
vent excessive wear on pump parts, the 
power transmission unit, or the motor 
when air or gas has been exhausted to 
the capacity of the pump. 

WELDING GLASSES 
Permit Bittir Yitw 
pf thp Ofmritlon 

EYE-PROTECTION glass which per- 
mits eyes of gas welders to pierce blinding 
glare and see welding operations from 


IMMEDIATE DELIVERY 

LATEST TYPE INDUSTRIAL A LAEORATORY EQUIPMENT 


BRONZE GEAR AND 
CENTRIFUGAL PUMPS 




No 

Inlet 

1 Centrifugal y.' 

Outlet Price 

1 6.58 

With 

A C. motor 

$25.88 


No 

ii* IS.M 

12.88 


No 

9 “ Di' 

1 " 18 58 

35.88 

No 

l‘-<i 

Gear Va" Price I 9.S0 

With A C motor 

$25.88 

No 

2 

li.M 


27.58 

No 

3 

’a' 11 58 


28 50 

No 

4 

[(j" “ 12.58 


32 08 

No 

7 

Ir 15 88 


37 58 

No 

0 

" 1 " 18.58 


49.50 

No 

11 

l‘^4' “ 48 50 


on reqneat 


THERMOSTATIC SWITCHES 


WESTINOHCUSE MOTORS 


12" Capillary Tubes. 
Makes contact on tem- 
perature rise Penn 
Type J. 

Range 16* — 28* 

Adjustable 

Range 24“ — 36* 

Adjubtable 


.Switch rating 4 amp 
110 V A.C or DC 
$5.50 Reconditioned 
$7.50 New 



IMMERSION HEATERS 

IdeAl for heating a small amount of fluid in- 
stantly Complete with approved cord Sc plug 
Will fit any drinking glass Will not contaminate 
water 


A C. 700 RPM 1/200 HP Capacltator type 
motor. Dla. of motor 2H In., shaft, ^ In , 
Wgt. 18 oz. Capacltator separate, 
Reversible motor. 

SB AC 


**BUSH’* CONDENSERS 
TINNED COPPER 

Designed for refrigeration 
and air conditioning Has 
many other uses High 
heat transfer capacity 
and great efficiency 
Sizes 8 I/a x 10><| $5.50 each 

Single Coll, double fln 
Double Coil 

Sizes lO^a x 11 U $6.50 " 

Limited number of larger sizes on hand 



son watt 110 volt « $7.58 

Limited Amount Oen Elec Sc Cutler- 
Hammer (flts 11,^" pipe thread) 1200 
watts, no or 220 v three heat $10.80 


«TAG" TEMPERATURE RECORDERS 

These recording 
thormomctei‘H 
have a 60 In long 
capillary bulb for 
remote recording 
Accurately re- 
cords temperature 
for each 24 hours 

Temp. Range 0* — 50* F. SISAC 


EXHAUST FANS, BUCKET BLADES 
Qenorai Electric A.C., 110 volt motors 



PrioritieH 

required. 



RPM. 

cu ft 
per min 

Price 

9" 

1550 

550 

$12.88 

lO" 

1600 

650 

13 58 

12" 

1750 

800 

18.88 

16" 

1750 

1800 

21 88 

16" 

1140 

1650 

27 58 

18" 

1760 

2500 

22.58 

18" 

1140 

2100 

32 88 

20" 

1140 

2800 

38 88 

24" 

1140 

4000 

42.88 

24" 

8S0 

3800 

45 88 




HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty 
H.P. motor, air tank (300 lbs. test — 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1.7 cu. ft. per min. 

Modils 0 H G *4 

12" X 24" tank A.C. 110 or 220 ¥. 60 cycli 

$57.50 

16" X 30" tank A.C 110 or 220 v. 60 cycle 

$64.50 


Large stock of air compressori. 1/4 HP to 20 
H.P. A C. and D.C . all voltaoes. 1 to 120 
C.F.M displacement, built for ail requirements. 
Additional data on request. 


FORCED DRAFT BLOWERS COMPLETE WITH MOTOR 


0 

0‘a 

1 


HP 


1/20 

l?« 

Va 


1750 

1780 

1750 

1760 

1760 


CU FT MIN INLET 

OUTLET 

PRICE 

160 

4*.i" 

3;»4" 

$22.88 

360 

8' a" 

3 ^/ 4 ’' 

25.88 

535 

6 " 

4>i" 

38.88 

950 

7Va'' 

6 " 

37.58 

1900 

9*i- 

7 " 

75.88 


PRICES QUOTED ARE FX)R AC 110 V 60 CYCLES ONLY. 
^ OTHER VOLTAGES ON REQUEST. 



PIONEER AIR COMPRESSOR CO., Inc. 

120-s CHAMBERS ST. NEW YORK CITY, N. Y. 
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LONGINES 

THE WORLD S MOST HONORED WATCH 
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O n October 21, 1942, eight men in a Flying 
Fortress made a forced landing on the 
Pacific. Three rafts were inflated as the 
plane settled. Six minutes later, the plane 
disappeared and the men were alone in the 
broad Pacific. Thus began an ordeal of drift- 
ing; burned with sun and salt water, starved 
and parched with frightful thirst; that 
ended with a miraculous rescue 21 long 
days later. It is the now epic adventure of 
the Ricken backer Pacific Mission. One by 
one all of the watches in the party, except 
one, stopped running. No watches are built 
for the punishment these watches suffered 
But we are proud that the one that kept 
on running was a Longines. 

Longines-Wttfnauer Watch Co.^lnc.^ New York, 
Montreal, Geneva; also makers of the Wtttnauer 
Watch a companion product of unusual merit. 



wwia OP 10 womo's fair orand prizes 
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beginning to end was announced recently 
by Dr, E. D. Tillyer, research director 
of the American Optical Company, who 
said that the new glass is expected to 
increase the production of welded battle 
equipment for the Army and Navy. 

Previously, he stated, the glare of flame- 
welding made it impossible for welders to 
sec exactly what they were doing — a 



Welders con now see their ^rk 


factor slowing the welding of planes, 
tanks, ships, and other military equip- 
ment. 

Lenses made from the new glass, it is 
reported, now let a welder look through 
the cloudy yellow flames of burning sodi- 
um vapors and sec clearly the welding 
rod and the molten area. 

“This greater vision, “ Dr. Tillyer, de- 
clared, “not only helps speed a welder’s 
production, but the glass also protects his 
eyes by absorbing dangerous invisible ul- 
tra-violet and infra-red rays generated 
during the welding operation.” 

Dr. Tillyer disclosed that the new glass 
was developed by adding didymium, a rare 
metal, to the composition of a standard 
welding glass, the result being a distinc- 
tively new glass with exceptional ray- 
absorbing properties in the visible and 
invisible portions of the spectrum. 

• • • 

GLYCERIN — Nitroglycerin is so critically 
needed for bombs and torpedoes, for dy- 
namite used in mining metal ores and coal, 
for building military installations, and other 
wor work that the government now permits 
soop monufocture only when glycerin is re- 
covered. 


• • • 

ANCIENT NEW MEXICANS 
Lived a Simple Life, at 
Bevealed by Eeiearob 

P REHisTORic Americans who lived in 
western New Mexico during a period 
dating from a thousand or so years be- 
fore the Christian era to about a,d. 700 
suffered physically from malnutrition due 
to inadequate diet. Mentally they tended to 
be isolationists. These conclusions are 
reached in research conducted into evi- 
dence regarding their lives, unearthed by 
Dr. Paul S. Martin, chief curator of an- 
thropology at Field Museum of Natural 
History, and associated archeologists. 
Hie results arc published in a book is- 


sued by Field Museum Press — “The SU 
Site — Excavations at a Mogollon Vil- 
lage.” The research was conducted over 
several years by the Field Museum Arch- 
eological Expeditions to the Southwest, 
led by Dr. Martin. 

The SU site, where ancient ruins of 
several villages were excavated, is located 
in a canyon of the Apache National For- 
est. The people whose history was studied 
arc an extinct Indian tribe known as the 
Mogollones. The extensive collections re- 
sulting from the excavations, including 
pottery, remains of old house types, human 
and animal burials, implements, and vari- 
ous other kinds of artifacts have been 
subjected to intensive investigation at the 
museum, and to comparisons with similar 
material collected from sites representing 
other prehistoric cultures of this and near- 
by regions, some related to the Mogollon, 
and some di.stinct. 

Mogollon culture was an undeveloped, 
unsophisticated, unalloyed, unvarnished, 
homespun kind of culture with no strik- 
ing or dramatic features. The general 
Mogollon cultural pattern was unadorned 
and lowly and based on almost minimal 
requirements. It was homogeneous, non- 
expansive in that it probably sought no, 
or few, contacts with other cultures. When 
Pueblo Indian influences drifted into the 
Mogollon area, the resistance of the 
Mogollon culture was so mild that the 
Pueblo culture became the dominant one. 

The people of the SU site hunted little 
. . . projectile points are scarce Fish- 

ing was probably not carried on, for no 
fish bones were found. Agriculture, too, 
was probably unimportant in their econ- 
omy. ... It seems safe to assume they 
lived mostly on seeds, roots, berries, nuts, 
insects. 

INDICATOR SIGNAL 
Uses Fluorgsognoi Instead 
of a Small Lamp 

ORKiNG under “black light” from the 
usual sources within aircraft, a new indi- 
cator signal includes a fluorescent unit 
which gives a positive indication whenever 



Indicator and the vane action 


the “butterfly” vanes which cover it are 
opened. Operation of these shutters is by 
means of a built-in solenoid which opens 
the vanes instantly to show signals. When 
not indicating, the Signalette unit, as the 
indicator is called, is black. Current con- 
sumption is only about 1.5 watts. 
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AVIATION 


Latest Helicopter 


Is a Two-Seater with Enclosed Cockpit; Will 
Assist in Allied Convoy Protection Against Subs 


ALEXANDER KLEMIN 

Aviation Editor, Scientific American 
Keteorch Profeetor, Donlel Ouogenheim 
School of Aeronoutici, New York University 

I T ib I.OOU news fur the helicopter advo^ 
cates and still better news for our 
anti-submarine command, that the British 
have ordered 250 of these aircraft to serve 
in convoy protection across the ocean. 
Perhaps our readers will remember that 
a suggestion for this use of helicopters and 
autogiros was made by W. Wallace Kellett 
several years ago, and since then others 
have made similar suggestions to which 
naval authorities have finally given prac- 
tical approval. This makes it all the more 
desirable that full encouragement be given 
to the helicopter, for which each day 
brings the possibility of greater uses. The 
Army has immediate and realistic motive 
in fostering the craft. For example, it can 
be used for liaison and message carrying 
behind the combat lines. A telephone line, 
dropped from the craft to the ground, 
would make possible the delivery of mes- 
sages in inaccessible spots The helicopter 
might also he used as an aerial ambulance 
equipped with litters, particularly in jungle 
areas. 

One of our photographs shows the latest 
embodiment of the Sikorsky helicopter, in 
which the nose is somewhat blunter than 
in the previous models, and the pilot’s 


cockpit is fully enclosed. The main rotor 
is now 36 feet long and the small vertical 
airscrew at the tail takes up the torque, 
gives directional control, and is seven 
and one-half feet in diameter. The heli- 
copter weighs 2400 pounds and is about 
38 feet long. There arc scats for the pilot 
and one passenger. The seven-cylinder 
Warner radial engine provides the power 
The delivery flight of the first United 
States Army helicopter from the Sikorsky 
plant to Wright Field covered five days, 
actually consisted of 16 different flights, 
and established an individual flight dis- 
tance record of 92 airline miles. A record 
speed of 82 miles per hour and a climb to 
5000 feet were also made by this machine. 
The pilot, C. L. Morris, reported that in 
spite of the most bumpy weather the ship 
behaved beautifully and showed excellent 
stability and control. Altogether, the heli- 
copter situation at the present time may 
be regarded as highly promising. 

^‘EXPLODED’' SKETCH 
Eiiibltt MMhaniof !• 

Qratii Fundamantali 

C^NR OF orR illustrations shows a type 
of airplane drawing which is rapidly 
becoming popular and proving of value 
111 training mechanics for assembly, main- 
tenance, and repair work. Such drawings 
have the advantage of giving a new man 



DamonstroHng the moneuverobility of the helicopter 


LENSES 


Finely Ground ond Polished 
New But Edges Very Slightly Chipped 

Sat #10M Advartiainc Spaaiar 

15 Unm for $1.60, Postpaid 

For Experimental Optics, mapnlfyine. making 
Galilean Teleecopes, and for many usee in 
photography such as, copying, ultra closeup 
shots, making telephoto lens. Kodachrome and 
Stereoscopic viewers, ground glass and enlarg- 
ing focusing aids, etc 


Sat #f05-S *«Tha Qadgataar’s Oalifhr 

35 Lenses for $5 00, Postpaid 

Contains all lenses in Set a 101-8 plus at 
least 20 others of our more expensive lenses 


Sat #110-S *Tha Exparimantar'a Draam” 

70 Lenses for $10.00, Postpaid 

Contains all the lenses in the above sets plus 
35 others that makes this a “sensational buy “ 
The variety of lenses in this set will enable 
you to conduct countless experiments, and 
build many optical gadgets Contains many of 
the hard-to-get short focal length lenses All 
our lenses are neatly packed and marked for 
diameter and focal length 
Every person Interested in telescopes, optics, 
photography, etc , should have a set for pre- 
sent and future use 


Order today, while you cant 

SotUfaction Guarontaed 


Sdmudui Balacufe 

COMPANY 


Dapf. 41 W Clinton Ava. 

7 P O. Audubon, Naw Jaraay 


POST-WAR PRODUCTS 
WANTED 

Eastern AAA-1 manufacturer 
is now interested in consumer 
products to be manufactured after 
the war on an outright purchase 
or royalty basis. These may be 
plastics or metal or another mate- 
rial. Must be articles to be sold 
complete to consumers and prefer 
those well covered by patenu. 
May be either mass sale items or 
those for restricted sale at margins 
large enough to allow for ade- 
quate sales development. Ideas, 
or patents that have been applied 
for, will be given consideration. 

Engineering assistance and con- 
sultation would be available to 
help perfect and develop such 
items now in an embryonic stage. 
Your replies will be read by top 
executives of this company only 
and you may write us in com- 
plete confidence. Principalp— no 
brokers. 

Reply Box No. 500 

SCIENTIFIC AMERICAN 

24 West 40th Street New York, N. Y. 
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«<8CIENTIFIC DRAWING 
& ILLUSTRATING” 

Scientific machinery laycnit^ detail- 
ing, assembly drawing, electrical and 
experimental drawing, textbook illus- 
tration* Illustrations in any media. 
All work neatly done. Best ref- 
erences. Strictly confidential. 

K & T SCIENTIFIC 
DRAWING COMPANY 

900 N. 102nd Sf., North Pork, SootHo, Woch. 


BUY more WAR BONDS! 


MIcroscopisCs/ 

Write for these free publicatiorts: 
DotemUnatlon of Refractive Index of 
Tnuisparent and Translucent HoUds by 
Means of the Microscope. (For identiflca- 
tion of solids; rapid test for purity of 
oheixilcAl compounds). 

How to Control and Preserve Optimun 
fmavery in Permanent Mounts throuRh 
Precise Control of Index of Refraction of 
the Mountina Medium. 

These publications deal with the use of 
Shillaber’s araded Index of Refraction 
Liquids 

dust ask for *'RF-BA*' leaflets 

R. P. OARQILLE 

118 libMty SlfMl N.W Yoii, N Y 


Experimental and Model Work 

fine Inatrumente and Fine Mashlaeff 
iDventloaa De?eloped 
■peelal Toola. Dl^ Gear Outtlaa. me. 

HtNRY ZUHR. lac.. IR:^ Lafayette St., N. Y. € 


SAVE YOURSELF EYE DISCOMFORT 


BY TKAININO YODR BIGHT. Bnjoy the 
tages of an expertly trained eyesight Inveetlgste 
this new and wonderful sight training method. 
PROFIT by this training whether you wear glasses or 
not. IMPROVB TOUR EYESIGHT, 
your looks and opportunities Which 
training do you need, for dmtant 
or near vision? RESULTS GUAR- 
ANTEED. Individualised Instruc- 
tion. FREE explanatory literature. 
Ask for it now. 

UNIVERSAL SIGHT TRAINING 
INSTITUTE. Dep. SA-S. 4S87 Bnd- 
long Avenne, Lee Aageleo, Calif. 




P 


STUDY AT HOME for Per> 
•onsl Success sad LARGER 
EARNINGS, as years expert fan- 
struction — over 108,000 students 
enrolled. LL.B. Degffse awarded. 
AU text material furnished. Easy 
asyment plan. Send for FREE 
BOOK — ^*'Law and Executive 
Guidance^*— NOWI 
AMRRICAN RXTRNIION fCHOOl OP UW 
DtfW. 80-$A, R Reel Moroa St. Chlcage, III. 


•AVIATION 



Mechonics in froining learn reodily from such "exploded" sketches os this one 


an immediate perception of the main sub- 
assemblies of the airplane and of their 
relationships to one another. Shown in 
our photograph is one of the Cessna AT- 
17 "Bobcats," an advanced trainer. It is 
remarkable how quickly new mechanics 
can follow and learn from this type of 
drawing A glance shows the four upper 
parts of the cowling on cither side of the 
engine nacelles, and likewise the four 
lower parts. The nacelle is evidently con- 
structed throughout of welded tubes with 
a mounting ring for the motor itself 
There is an inner flap and an outer aileron 
on the wing . — A K 

COLD TUNNEL 
Has High Pawtr far 
Aarodynamioal Tasting 

NKVV wind tunnel, being assembled by 
the engineers of the York Ice Machinery 
Corporation for installation at the Army 
Air Forces Experimental Station at 
Wright Field, will be 600 feet long and 
built in the shape of a huge "O". A 40,- 
000 horsepower motor will circulate the 
air at 600 miles an hour and at pressures 
and altitudes corresponding to flight at 
altitudes of 40,000 feet. 

As the wind travels around the first 
turn in the tunnel, it will pass over a net- 
work of cooling coils chilled by as much 
as the equivalent of 8000 tons of ice re- 
frigeration. The temperature of the cool- 
ing coils will be 70 degrees below zero, 
Fahrenheit, while decompression pumps 
will reduce the pressure in the tunnel to 
only 2.7 pounds per square inch. As the 
air expands from the wide section of the 
tunnel to the narrow working section at 
the throat, the expansion will further re- 
duce the air temperature until it drops to 
67 degrees below zero. 

In making a test, engineers will place 
models in the tunnel's throat and close an 
airtight door and watch effects through 
observation holes after high altitude con- 
ditions have become established. 

To cool the giant motor which drives 


two 40-foot fans, each with 16 blades, more 
than 85,000 feet of filtered air a minute 
will be required. 

To prepare the tunnel for each test, tons 
of calcium chloride solution will have to 
he cooled and stored in tanks up to a 
period of 20 hours, and the motors driving 
the refrigeiating compressor will them- 
selves have a total of 2250 horsepower 

The importance of the problems which 
it Will be possible to investigate in the 
tunnel can scarcely he over-emphasized 
Ice formation at high altitudes, while bet- 
ter understood, has not yet been complete- 
ly conquered, and here will he a ready 
weapon. The behavior of wings, engines, 
nacelles, and other aircraft parts under 
these abnormal atmospheric conditions 
will be studied not only from the point of 
view of ice formation, but from the stand- 
point of compressibility effect which may 
tend to increase their drag to a consider- 
able extent. 

While refrigerated wind tunnels have 
been previously available at Langley Field 
and in the laboratories of the Goodrich 
Company, they have been relatively small 
and of slow air speed. The new tunnel 
will improve experimental facilities tre- 
mendously. — A. K. 

BICYOLE LAMPS 
UrrA On Cargo- 
Carrying Paraolmlat 

The tail-light formerly made for bi- 
cycles has proved adaptable for use with 
parachutes. Now to each cargo parachute 
a lamp and a small dry cell are fastened 
to make it easier for paratroopers to 
locate supplies dropped to them at night. 
The same lamp and battery combination 
arc also fastened to life preservers to 
make it easier to sec the swimmer, and 
to make it easier for him to know where 
he is going. Westinghouse is responsible 
for this useful adaptation of another 
peacetfme product to military needs. — 
A.K. 
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New Products 


PUNT SWEEPER 

MECHANIZED floor swccpcr which 
cleans at the rate of 16,000 square feet 
per hour has recently been announced by 
the Moto-Mowcr Company. Operated by 






to wall. The packing member is an oil- 
resisting synthetic rubber block which af- 
fords many times the bearing surface 
characteristic of the old-fashioned grom- 
met. The retainer cup has an opening 
large enough to slip over an assembled 
line or tube, including end fittings, elim- 
inating dis-assembly of fittings during 
installation. 

Multiple lines can be supported by a 
single Dura-Grom, individual openings 
being provided in the rubber disk for each 
line. 

In addition to the fume- and water-tight 
features, Dura-Grom is said to save time 
on installation since complete tube as- 
sembly may be slipped through firewall 
and Dura-Grom retainer and permanently 


16,000 squore feet per hour 

one man or woman, this model provides 
a whole sweeping department for the aver- 
age size plant. 

The mechanized sweeper, replacing the 
old-fashioned broom, releases men to do 
other work around the shop. Our illus- 
tration shows the Detroit model Moto- 
S weeper being used in and around ma- 
chinery in a tool, dye, and fixture shop 
where heavy metal machinings are as 
readily picked up as are the lighter dirt 
and dust. 


QUICK-DRYING OIL 

DRY film that is quickly formed and 
which is both hard and tough can now 
be obtained through the use of a processed 
linseed oil designed for use in the manu- 
facture of paint, enamel, and varnish. 
Designated by the manufacturer. National 
Lead Company, as 710 Oil, it is available 
in three types for differing processes. 
Paints compounded with the material are 
stated to be rapid drying, to adhere well, 
and to be of go^ gloss. 


LINE SURPORT 

FUME- and water-tight support for 
air, oil, and hydraulic lines, electrical 
cables, flexible remote control casings, 
and so on, through a firewall or bulkhead, 
is provided by Dura-Grom, recently an- 
nounced. It eliminates many quick dis- 
connect and firewall fittings, and slips 
over a line, cable, or tube to fit snugly 
against the wall. 

This new grommet consists of only 
two parts: an oil-resisting synthetic rub- 
ber disk, and a cadmium plated steel cup 
retainer for securely attaching grommet 
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430SINmRUHLWRSHNICTOiLi-C>lji 
The Motae Decimeliier 




Fume- and wofer- light 

fastened at the ends. The split rubber 
disk is then easily installed by slipping it 
over the line, sliding the retainer into 
place and bolting it to the firewall, com- 
pleting the installation. 

CUSHIONED ARRASIVE 

LIGHT yet effective abrasive action is 
to be had through the use of an elastic- 
rubber compound impregnated with an 
abrasive, the rubber binding cushioning 
the abrasive to provide a smooth finish 


TIM DKOIMALIZBR shows lo • few stmpk 
manipulations just where to place the decimal 
point In the result of any computation inyolving 
several elements, part or all of which may be 
decimals— for example, In such e problem as 
(9 X .0432 X 74.1 X 3 8) (345 x 0093 x 3f) 

The DECIMAllZER removes that “decimal point 
haiard" Inherent in computations made with the 
slide rule or otherwise 

Pocket siM. durable tstainlees steel), exceed 
Infly smooth In action Purnlshad tn Isathei 
ease, with complete directions for using Price 
92, postpaid, with extra, easily Interchangeable 
scale which enables the Instrument to perform 
extended multiplication and division, BO cents 
additional. Money back, if returned within 10 
daft. 

OBOROB H. MOB8B 
m^Uih Rtreot Sontli AxUngUm^ Tn. 


SMITH 6c WESSON 

(RwoLuBhA^ 

SPRINGUM.D, MASS. 


Increase the efBclency of your laboratory work 
by OVERHAULING your microso(q;>t and other 
opUcal equipment. 

We have factory trained experts to do this work. 
All work reasonably and expediently done We 
carry a full line of LABORATORY ^UIPMENT 
and SUPPLIES at most reasonable prices. 

J. BECBER CO. 

Medical Suppiias and Microscopes 
t3ll Broadwoy, N. Y. C. Algonquin 4-3510 
near 13th 8t. 
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. . . SAVIN6 MAN HOURS AND CRITICAL MATERIALS 


No delay waiting for dlea — parts ready quicker 


deliveries speeded up 


all to bring the Victory soonerl Womm are rapidly taking a major place 
on the Industrial front. DI-ACRO Precision Machines — Shears. Brakes, 
Benders — are Ideally suited for use by women in making duplicated parte 
accurate to .001* ^ DIB-LBSB Dqi^CATINO. Thousands of DX-AORO 
Machines are now in use in War plants. > Get the whole story — write for 
eatalsf — “Metal Duplicating Without Dice’*. 

0*NEIL-IRWIN MFG. CO. 
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PURPLE X LAMPS 

(180 W«M - no V®l# - M«do) 

AOAIN AVAIIAOLC AT * AC 

For ftU ttltro Tlplot A fluowiowit ox- 9 I M 
ptt^oats. Idool for taotUur isftrumoiit 
diolo trootod wttli luttiiiouf piUnt. 

Noodi no ouxtUonr tronoformor or flow 
fUtor. Roffulor oortw boot. 

order. Sent exproMehorgoa collect only. 
iiAftDV DfiAA Scicotllle A l^bflfntory Apnvetw 
HAHHT BOS# 68«70 Welt Bmadwiy» N, Y. C. 


UaHTINO UNITS 


Photo Obea^ tu^ , 

Block Ute Uuape for. epeeteeolor 
Ultra Violet lor the laboratory 
Meroury TQbee for teetini leti aee ana nan 
Oodlum Llfhte for refraetometore. et^ 
Photogramatlo Lampa tor eontoor de?Me 
Fadtaif teet iampe 

Hydrogen and Helinni lighting outflte 
photocopy and Oopy-Board UnlU 
Commerce Color and Ruet Recognition Laacpo 
Fluoreeoent and Xnfra-red Unite 
lllnerallghti for mineral reeognltlon 

RBB8B ENQIKBBBINO OOMPAITT 
HeUywoed. Calif. B 

Lighting Bngineen for M yeaia 



DRI-AIR drawi exceea mole- 
ture from air In damp baae- 
mente. Protecta toola and ma- 
ehlnery againat ruat, mold, 
mildew. Complete DRI-AIR 
outfit 18.50 f.o b. Chicago. 
Order nowl Dealen write todayl 

TAMMS SIliCA CO.. 228-S North LaSalle. Chleago, III. 

^ Army Haversacks 

heavy eaavaa. 7tk by 11 
Inches, with pockets, second 
hand, with leather sling. 

Postpaid lor 78 cents. l»4g 

J 76th Anniversary catalog. 

p^. MOO illaatratloM, 
I B^lM for 60 cents. 1048 
elrcnlar for Se etamp. 

Francis Banncrmin Sons 

Ml Broodwoy, N. Y. 

I COMPliTI HOMf- 
, SfllOY COUaSES 

ind eoll'instniction 
bodkiy elightly used. 
Sold, rented, ex- 
changed. All aub- 
jecta. Satiafaction 
guaranteed. Cash paid for used oouraea. Full 
oetaUs and Sg-page Hluatrated bargain catalog 
FREE. Write today. 

NELSON CO.y 500 ShermoMi. Dept. F-243. Chicago 




TIE ElKWEErS SiEm-BNi OF 
MECIUIIUI MIVEIBITS 

By Thomas W. Borbor 


■ 


NOfF 

$2.10 


Not a treatise on ma- 
chine design nor an 
instruction book on 
construction, but an 
imposing omnium gath- 
erum of classified 
drawings in truly as- 
tonishing number and 
variety (2987 of them) of basic 
elements of mechanical and struc- 
tural composition from which to 
select the various details required 
to build up a given piece of mech- 
anism. It Las had a long and wide 
sale. 

Formoriy $4J5 list. Now $2.10 
Fostpoid 

Mor froM SCIENTIFIC AMillCAN 
24 WBSt 4Ctfe SU Now Yorki N. Y. 
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on the work to which the material is 
applied. This cushioned abrasive, known 
as **Brightboy,” removes light burrs and 
rough edges from die stampings, smoothes 
and finishes parts after surfacing or 
grinding, cleans and polishes edged tools, 
and so on. The elastic-bonded abrasive 
is available in tablet and stick form as 
well as in the form of wheels up to six 
inches in diameter, thus making the 
abrasive available for a wide range of 
operations. 

EXTENSION BEUSH HANDLE 

PAINT brush or scraping tool may be 
secured by spring clips to the end of a 
new extension handle recently amiounced 
by Breinig Brothers, Incorporated, to 



For hard-fo-got-ot plocos 


enable the operator to reach out-of-the- 
way places or high areas of walls or 
ceilings. 

The angle which the short arm at the 
end of the extension handle assumes with 
relationship to the handle itself is con- 
trolled by the operator through a length 
of tape, and can be varied to suit the 
surface and position of the work. 

DUPLEX LIGHT 

DOUBLE-CIRCUIT mechanic’s light with 
receptacles for plugging in small power 
tools and additional fixtures, being pro- 
duced by the Lumidor Manufacturing 
Company, permits as many as four lights 
to be connected in line to a maximum of 
60 feet from a single outlet, according to 
the manufacturer. 

The “Mechanic’s Light” was originally 
designed to illuminate the fuselage in- 
teriors of large aircraft during construc- 
tion but the tmit is being widely adapted 
to other industrial uses. 



A 24-inch unit containing two 20-watt 
lamps and a 48-inch unit containing two 
40-watt lamps are offered. Both units are 
available for either 50 or 60 cycle current. 
Brackets for hanging and a hinged wire 
lamp guard are standard equipment. 

TANK AND PIPE LINING 

F AR DOWN on the list of critical mate- 
rials is a synthetic resin called Resoweld 
which is now available as a lining for 
tanks, pipes, fittings, pumps, and similar 
industrial equipment. 

Designed to take the place of natural 
rubber linings where rubber cannot be 
used because of war requirements, Reso- 
weld will resist alcohol, petroleum, gaso- 
line, vegetable oils, and soaps, as well as 
nitric acid (with the exception of fuming 
nitric acid) and chromic acid. This new 
material is black in color and is thermo- 
plastic, which indicates that practically the 
same application processes can be used 
as for natural rubber linings. 

ELEGTEIO FURNACE 

Offering an economical, convenient, and 
rapid means of heat-treating small metal 
parts, as well as many laboratory advan- 
tages, a new electric furnace, shown in 



Wide heot rangei ore ovoiloble 


one of our illustrations, has inside dimen- 
sions of 3^ inches in length and depth 
and four inches in width. Uses of the 
furnace include hardening or pre-heating, 
drawing and tempering, normalizing and 
annealing, enameling, and so on. In the 
Ial)oratory the same unit may be used as 
an auxiliary furnace or to fill exacting 
requirements for testing or development 
work. Heat ranges up to 1500 degrees, 
Fahrenheit, may be obtained through 
rheostat adjustment, while provision is 
made for cutting out the scries resistance 
and allowing rapid heating to maximum 
temperatures in a minimum of time. 

PLA8TI0 SHEET 

A LAMINATED plastic sheet which has 
an opaque center and transparent faces has 
been developed for the manufacture of 
nameplates, tool checks, instrument dials, 
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and so on, to specifications. The opaque 
center carries printing or other marking, 
placed prior to the laminating operation, 
and the resulting sheet can be die cut, 
stamped, or drilled. The final permanent 
assembly measures .050 of an inch in 
thickness, is fire resistant, withstands a 
temperature to 200 degrees, Fahrenheit, 
and can be had in single or combination 
colors. Made by Plastic Fabricators, Inc , 
this sheet is available under the trade 
name of Durashield. 

PART PRINTER 

P HINTING of name, number, and so on, 
on shims, washers, name plates, and 
similar articles is speedcil up by the foot- 
operated printing device illustrated here- 
with. At each pedal stroke the printing 


Rubber, cork, 
plastic, 
felt, fiber, 
ond other ports 
moy be 
successfully 
printed on 
this 

machine 


yet IS soluble in water. Thus, when paint 
or other materials are spilled on Dura- 
mask coated surfaces the accumulation 
can be readily washed off with water. 

This paint-like material is applied thick- 
ly with a large brush, whereupon it sets 
within 30 minutes. When it is to be re- 
moved, together with accumulated surface 
spillage, it may be flushed off with a hose, 
mopped up, or removed witli a floor 
squeegee. 

SOLDERLESS TERMINAiS 

SMALL wire terminal, which is rap- 
idly applied to electrical conductors by 
means of specially designed pliers or by 


One of the new solderless wire termin- 
ols, with and without insulating sleeve 

a pneumatic press, is applicable to vari- 
ous types of cables and wires ranging 
in size from Number 22 to Number 10. 
These lugs are available with various 
tongue shapes and dimensions, with or 
without an insulating .sleeve upon which 
identification numbers can be marked, 
and with or without a sighthole for in- 
spection of the connection 




impression is made, while on the return 
stroke the printing dies or type are 
re-inked for the next impression. An 
adjustment is provided for locating var- 
ious sizes of parts to be marked, these 
parts being placed in position when the 
foot pedal is up. The weight of this new 
Ac remark printing machine is under 100 
pounds, and it has been used succesfully 
to print on rublier, cork, plastic, card- 
board, and similar pieces. 

ALUMINIZED STEEL 

Body characteristics of mild steel with 
surface characteristics of aluminum arc 
now provided in a new aluminum coated 
steel sheet. The material can be put 
through forming and drawing operations 
without peeling or flaking and is reported 
to be equivalent to solid aluminum sheet 
in corrosion resistance. Various thick- 
nesses are available, a 16-gage sheet of 
the coated steel employing 5 percent as 
much aluminum as a solid aluminum sheet 
of the same thickness. The metal with- 
stands temperatures up to 1000 degrees, 
Fahrenheit, without discoloration. 

FLOOR PROTECTION 

Designed to protect walls, work benches, 
and similar surfaces from paint, oil, or 
grease spillage, Turco Duramask is painted 
over such surfaces and allowed tq dry. 
This material is a thick, white liquid 
which is non-corrosive, non-flammable. 


PLASTIC THICKNESS QAQE 

T nicKNFss feeler gage and shim stock of 
prcdetcmimed thickness is now avail- 
able in a plastic material, the color of 
which identifies the thickness of the par- 
ticular piece. The material is available in 
a range of 12 thicknesses from .001 to 
030 of an inch and is known as Artus 
shim and feeler gage stock. 

RIVET SQUEEZER 

Sufficient pressure to set up to 5/32 
inch flat, round, or brazier-head aluminum 
rivets is obtained through the use of the 
Redi-Set hand tool shown in the accom- 
panying illustration. The toggle handle 



Plane of riveting center can be chang- 
ed to exoctly suit the rivets to be used 


assembly is mounted so that it rotates at 
the head to permit accurate alignment 
over the rivet. Interchangeable dies arc 
available for different sizes and shapes of 
rivets. The tool may be had with throat 
dimensions of 144 or 2^ inches and 
measures two inches between its faces. 


INVENTORS 

Free Patent Guide ^ ■ 


Tak* first atep.witliottt 0OtS.tovarO 
pxot«etlnf your Invtntloa. Write 
to<Uy lor free WtOOKO OF m- 
VSrmON fora to Iwelly diaeloa 
your invent ion. W e tileo send Free 
4S-P«ce PATCNT OtHDC eonUin- 
inc Instruotlons on how to potent 
end sell inventions; details of 
& search servIcM; easy payment plan; 
k. tereetlng facta. 
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Card and Photo Stereo— Mirror 



(The modern 
iin^e picture 
Stereoscope) 


As useful end fescineting et the 
cemere end the movies. Every pic* 
Cure eppeers in three dimensions. 
Velueble elso in strengthening the 
muscles of the eyes end in the treet- 
ment of internet squint. 

Price ^5.50 

MU-MllttllRCC.,Bridteport,Conn. 
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Our Book Corner 

THE BOOK DEPARTMENT of Scientific Americon is conducted, with the 
co-operotion of the Editors, to moke ovoiloble for you o comprehensive book 
service. Each month the Editors select and review in these columns new 
books in o wide range of scientific ond technical fields. In oddition, they 
are ready at all times to odvise you regording the best ovoiloble books on 
ony subject. You ore invited to use this service freely. Tell our Book 
Deportment what kind of books you wont ond you will be furnished with 
the nomes of ovoiloble books, including prices. When inquiring obout 
books, pleose be specific; remember thot we con be of the greotest help 
only when you tell us just whot you ore looking for. Books listed in these 
columns moy be ordered from our Book Deportment. 


THE HENRY SYSTEM 
Of Finger Print 
ClateHIcatien 
and 

Identificatlen 

if now in use by most 
of tbe Police Depertmentt in the 
United SteUf. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require* 
■tents. 

The only book based on the Henry 
System is Frederick Kuhne’s 

•*THE FINGER PRINT 
INSTRUCTOR” 

In this 182-pagc book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prinu 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental end 
industrial personnel departments 
and by the F.B.I. 

^4.25 postpaid 
New 1942 Printing 

•rdsr From SCIENTIFIC AMERICAN 
14 WmI 4Ctli Strest, New York, N. Y. 


MAKE YOUR OWN 
TELESCOPE 

at a cost of loss 
than $25. 

workins from inoxponsivo, 
proparod kits of glass, abra* 
sivos, and piteh, and by fol* 
lowing tho praetioal dotallod 
Instructions In 

“AMATEUR 
TELESCOPE MARINS” 

This beginner’s book, from which 
more than 25,000 telescopes have 
been made by amateurs, gives ele- 
mentary information on how to plan 
and build the mounting, how to 
grind, polish, and accurately shape 
the essential glass parts by hand. 
All necessary date are presented in 
easily understandable form. 

Over 500 pogas Frofuse/y Ulvsfrofed 

$4-00 po%p^ldf doniMtio 
%4M fprwlgn 
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THE MODEL PUNE ANNUAL 1043 
By David C. Ceoke and dette Davidson 

M odel plane construction and flying has 
led many a person directly into 
branches of commercial or military avia- 
tion. Hence the information presented 
here on model plane design and construc- 
tion assumes particular significance at the 
moment. (224 pages, 7 by 10 inches, lav- 
ishly illustrated with photographs and 
drawings.) — $2.60 iiostpaid. — A.P.P, 

INTRODUCTION TO NAVAL ARCHITECTURE 
^ By John P. Ceaistoek 

S ubstantially the course in theoretical 
naval architecture given hull-drawing 
apprentices at Newport News Shipbuild- 
ing and Dry Dock Company by the author. 
Suitable for high-school graduates who 
liave not had college mathematics, it ex- 
plains fundamentals of naval architecture, 
how they are inter-related and progres- 
sively applied in ship designing. Not a 
substitute for standard references on this 
subject, but a study book and a guide to 
such publications. (209 pages, 5^ by 9 
inches, diagrams, tables, index.) — $4.10 
postpaid. — A.D.R., IV. 

FUNDAMENTALS OF MACHINES 
By Cktrltt E. Dull and Ira 0. NtwIin 

A imed at high school age pupils to 
serve as a pre-induction course, the 
text of this book will be found satisfactory 
as a simple but comprehensive reference 
source on the whole broad subject of 
basic machine principles. Supplementary 
material includes a glossary of terms, 
selected laboratory experiments, a mathe- 
matics refresher, a series of useful tables, 
and an index. (547 pages, 5^ by 8 inches, 
a large number of drawings and photo- 
graphs.) — $2 10 postpaid. — A.P.P. 

WINDED MANS. VOLUME I: THE DENMAN 
AIN WEAP0N--1BT0-1B14 

By Jaka R. Caa$g 

I N THIS book the author has done what 
the very latest authors on military 
aviation are doing — he has reviewed the 
growth of military aeronautics from the 
point of view of its use in strategy and 
tactics. But while Seversky, Ziff, Michie 
are attempting to define the functions and 
duties of the airplane of today. Volume 1 
of Winged Mars studies the lessons of 


the past. It is most instructive, since this 
view is kept steadily to the front, to read 
of German military ballooning and of the 
beginning of anti-aircraft defense. In his 
chapter “Role of French Air Weapon” 
the author points out that the French did 
not have faith in aviation except for 
reconnaissance, and this lack of faith 
appears as one of the causes of the 
French disaster. While this book may not 
be of outstanding interest to the general 
public, it will be of very great interest to 
all those concerned with military or naval 
aviation, and from that point of view it 
will find its way into many technical and 
professional libraries, public and private. 
(338 pages, many drawings.) — $2.60 post- 
paid —.4. K. 

THE AMAZINO PETROLEUM INDUBTRY 

By B. Ai Kalicheviky 

M ost important raw material in the 
world, at the moment, petroleum is 
also the subject of innumerable industrial 
and militaiy controversies. Here is good 
background material to serve in under- 
standing the entire petroleum situation 
It highlights the history and present status 
of petroleum in non-technical language. 
(234 pages, SlA by 8 inches, a few draw- 
ings.)— 42.35 postpaid. — A.P.P. 

SERPENT OF THE SEAS 
By Commindgr HarUy F. Copa, U. S. N. 

A SUBMARINE skipper and a line officer 
of the Navy, this author knows 
whereof he speaks when he outlines the 
world history of submersibles, their con- 
struction and motive power. He writes 
with equal facility on submarine attack, 
anti-submarine procedure, training of per- 
sonnel, and the skilful and daring skippers 
of America’s fleet of submersibles. (252 
pages, 55^ by 8 inches, 17 illustrations, 
index.)— $2 60 postpaid. — ADR, IV. 

THE FIRST CENTURY OF FLIOHT 
IN AMERICA 

By Jaramiali Mllbank, Jr. 

B rought together for the first time in 
one volume, the widely scattered 
parts of this country’s earliest aeronauti- 
cal history will probably astound many 
readers. In 1784, a 13-year old boy was 
the first American ever to ascend in the 
air ; nine years later came the first aerial 
voyage, with George Washington as a 
witness ; balloon-reconnaissance played an 
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important role in certain Civil War en- 
gagements; 1878 brought a serious pro- 
posal to cross the Atlantic in 36 hours. 
Although claiming to be no more than an 
'‘introductory survey/* this book opens 
up fascinating vistas of technological and 
social history by covering the period of 
American aeronautics from its beginning 
to the time when aviation had supplanted 
aerostation as the dominant concern of in- 
ventors and scientists. (248 pages, 5^'^ by 
8^A inches, 40 illustrations.) — $2 85 post- 
paid. — O.D.M, 


AUTOMOTIVE MEOHAIIICS 
By James Y. Frost 

D esigned for pre-service study, the text 
of this book has been made com- 
pletely understandable to students. It 
covers motor vehicles from a description 
of the vehicles themselves through chassis, 
running gear, and body, to power unit, 
cooling system, and all the other intri- 
cate parts which must be familiar to the 
successful mechanic. Included are rules 
of the road, greasing charts and instruc- 
tions, and a glossary of terms. (545 pages, 
6 by 9 inches, over 350 illustrations.) — 
$2 60 postpaid — A.P.P. 

JORDANOFF’S ILLUSTRATED AVIATION 
DICTIONARY 

By Atitn Jordanoff 

T fiE book is really a dictionary of avia- 
tion terms and does not deviate from 
its fine purpose: the correct definition of 
aviation terms, suitably illustrated by 
simple, clear, and striking sketches. The 
.selection of terms is excellent and in- 
cludes almost all those aviation words 
likely to be needed by any except the best 
informed specialists. It covers such widely 
diversified fields as airplane strength ; 
elementary aerodynamics; airships; pro- 
pellers; rotating wing aircraft; instru- 
ments; and the like. A curious appendix 
exists in a glossary of aviation slanguage. 
(415 pages, 7 A by 10 inches, 2057 draw- 
ings.)— $3.60 postpaid.— k". 

THE HOUSE OF GOODYEAR 
By Hngli AlUn 

A n historical survey of one company 
which has grown up with the rubber 
business, yet a survey which more than 
hits the high spots of the whole rubber 
industry. This is a particularly timely 
treatment of a vitally important and in- 
teresting subject. (417 pages, 6^ by 9^ 
inches.) — $2.10 postpaid. — A.P.P. 

FUNDAMENTALS OF PERSPECTIVE 

By Thtadort DtPaaftlSi A.I.A« 

A METHOD of showing the order, or se- 
quence, in which lines of a perspec- 
tive are drawn. Each line of a constructed 
perspective is numbered in the examples 
shown, and its direction is indicated by an 
arrow. To further clarify the examples, 
four colors are used to show what is given, 
what are the essential elements, what 
lines are needed for the construction of 
the perspective, and finally, the perspective 
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PLASTICS — By J, If. Duhoi$. Mc«ty informauon 
on the whole general iubject of plaitice, preiented 
in narrative form for easy reading Tabulaiiona of 
prupertiea of plaatica, plot baalc design information, 
for laymen and technician* alike $3.10 

EXPERIMENTAL ELECTRONICS — By Ralph 
##. Mullmr, R. L. Carman, and M. E. OroM. 
A solid book of eminently practical information on 
the rharacteristics and non communication applica- 
tions of electron tubes. The text describes experi 
ments and presents results For students, radio 
engineers, communications experts, ami the serious 
general reader. $4.75 

HOW TO READ ELECTRICAL BLUEPRINTS — 
By Cilbart M. ilaina and Carl H. Dunlap. A 

chapter on how blueprints are made, plus nine other 
sections, each of which is devoted to a speciahxed 
part of the electrical held, from bell and signal 
wiring through motor lonirol diagrams to power 

station blueprints $3.10 


GET TOUGH I — By Capt. W. E. Fairbaim. 

How to win-in-band-to-hand-fighting directions, by a 
man who really knows rough and tumble methods 
that are not ‘'cloan" fighting but arr designed to 
win. $1.10 


CHEMISTRY — By Carald Wandt, Ph.D. 
Chemistry made easier by a presentation that Is 
intermediate between popular works and classroom 
texts This book contains the mam substance of a 
first year college chemistry course, giving the reader 
better than a sketchy background in this important 
Silence. $2.35 

TECHNIQUE OF PLYWOOD — By CharUg B. 
Norrlg. Technical information on all phaaes of ply 
wood manufacture and use, compiled for engioeers. 
deaigners, and users of plywood Important to 
many phaaea of wartime houaing and manufacturing 
problems. $2.50 

FUNDAMENTALS OF RADIO — By Jordan, 
Ogtorbroek, Pumphory, and Smaby. With this 
one volume alone, and with some diligence of applica- 
tion, It ia possible to obtain a thorough grounding 
in radio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, this 
kook IS outstanding. $5.10 

THE TRISECTION PROBLEM — By Robart C. 
Yales. EmbodiiA mathematician's answer to would-be 
trisector. Gives chief dependable data on this never- 
ending dispute. Compact, crisp, concise $1.10 

ELEMENTS OF ORDNANCE — A textbook pre- 
pared for cadets of the United States Military Acad- 
emy. Covers manufacture, the chemistry of explosives, 
types of weapons, mathematics of ballistics, etc. 

$6.60 


AIRCRAFT INSTRUMENTS — By Gaorga EUU 
train* All types of instruments for aircraft use de- 
scribed for Students, pilots. Inspectors. Fundsmentala, 
instructions. $5.10 


OUTLINES OF GEOLOGY — By Longwalt, 
Knopf, Hint, Spkuekart, gmd Dunbur. Complete, 
rounded coverage of earth science, both physical and 
historical. Explains all earth features and phenomena 
and includes mineralogy, glacial geology, and en- 
gineering geology. $4.10 

MACHINERY'S HANDBOOK— ElaeaniA Edition. 
*'Bible of the mechanical industry,'* enlarged to 
1813 pages of latest standards, data, and information 
required daily in the shop and drafting room 

$ 6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS — 
Av John Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman $6.80 

STEEL SQUARE POCKET BOOK — By Dwight 

L. Stoddard* Practiial methods of using the car- 
penter's steel square for layout work of all kinds. 
Time- tried methods used by two generations of car 
pentcra and found both rapid and accurate $1.00 

NORTON'S STAR ATLAS AND TELESCOPIC 
HANDBOOK — By Norton and Inglig. An old 
standby and most commonly used atlas for telescopes 
without setting circles 18 maps and 6S pages of 
compact notea and tables. $5.00 

WORKING WITH THE MICROSCOPE — By 
Julian D. Carrington* For the serious beginner. 
Fxphcit, practical. $3.60 

TOOL MAKING — By C. B, Cola. Instructions for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc , in different metals 

$3.60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl. A well written account of this newest 
tool of aoience, with all technicalities explained for 
(ornplete underatanding by average persons. $3 9.5 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK — By Gronmont and Hangal. More knots 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of 
*1^57 knots are illustrated in half-tone reproduction 
and are described in the test. $5.10 

PLANT PROTECTION — By E. d. Shurman. 
All information necessary for those who would es- 
tablish or belong to a plant protection group 

$ 2.10 

A MARRIAGE MANUAL — By Hannah M btona, 

M. D., and Abraham Stone, M.D. A practical 
guide to sex and marriage, covering fitness for mar 
rlage, mechanism of reproduction, prevention of con- 
ception, and similar vital subjects. Answers questions 
most often asked these authors by their consultants 

$2.95 


PLASTICS, PROBLEMS AND PROCESSES — By 
Mangpargar and Pappar. The whole story of plas- 
tics including a resume of manufacturing processes 
and a number of thorough going chapters devoted to 
plastic uses. $3.10 


AUTOMATIC ARMS — * By Melvin M. Johngon 
and Chgtrlag T. Havmn* Comprehensively coveis 
machine guns, machine rifles, aub-maebine guns, 
pocket pistolf, shotguns, sporting, military rifles in 
automatic classification. $5.10 

BASIC FIELD MANUAL. INFANTRY DRILL 
REGUI.ATIONS. Practical working manual for 
commissioned, non-commissioned officers $.50 

HANDBOOK OF CHEMISTRY AND PHYSICS — 
A classic reference book recently revised and brought 
up-to-date to keep pace with recent research. In- 
cludea material on all branches of chemistry, physics, 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding, 
2503 pages. $4.10 

ATOMIC ARTILLERY — By John Kelioek 
Robertgon. Electrons, protons, positrons, photons, 
neutrons, and cosmic rayi, all described for the 
layman in plain language Also transmutation of the 
elements and the manufacture of artificial radio- 
aitlvit). $2.35 
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^ 25t for postage on each book, except as noted. ^ 


For Sede by: Juii$. 1943 

SCIENTIFIC AMERICANS 24 West 40th Street New York City 

I •nclot* S . . lor which plooto lorword at onco tho following booki: 


Namo 

Addro$$ 

Writ® US lor information on bookg on any subject. We can supply any book in print. 

282 


BOOKS 

of the object itself. Use of colors, num- 
bers, and arrows on the 20 loose sheets in 
the binder that comprise the publication 
eliminates much of the text formerly 
found in books on this subject. Contents 
include: Elementary; Ray Method; Net 
Method; Measuring Method; Definitions 
and Practice. (20 loose sheets, SVi by 11 
inches, in binder.) — $2.60 postpaid. — 
A.D.R., IV. 

LEARNING TO NAVIGATE 

By P. V. H. W$em8 and William 0. Eberla 

W HETHER totally inexperienced, or only 
partly familiar with the fundamentals 
of navigation, the reader of this book will 
find himself equipped with a foundation 
of the principles of navigation and the 
instruments used in that science. The text 
is designed to provide a practical hand- 
book for navigation at sea or in the air. 
(135 pages, 6 by 9J/2 inches, 73 illustra- 
tions and four tabulations.) — $210 post- 
paid, — A.P P. 

THE MAN WHO MADE NEWS 
By Oliver Carlson 

I N THESE days when news is at a premium, 
the life of James Gordon Bennett, Sr., 
who revolutionized journalism, makes good 
reading. Often designated the most widely 
hated and most generally read man of his 
day, this Scotch immigrant took the 
American daily press as dull, drab, and 
directed to a limited audience. He left it 
newsy, sensational, resting on support of 
the masses and the common people. 
Greeley, of the Tribune; Raymond, of 
the Times; Bryant, of the Post; Webb, of 
the Courier & Enquirer were contempo- 
raries, and stout fellows in their own 
right. A thrilling saga of the Fourth 
Estate in Americana. (440 pages, by 
9 inches, index ) — $3 60 postpaid, — A.D R. 


ELECTRICITY 

G rowing demands for a book on ele- 
mentary electricity will be well sup- 
plied by the text of the present volume. 
It is aimed at the beginning level in de- 
fense training classes and covers all the 
important fundamentals of the subject. 
(194 pages, 6^ by 9^ inches, over 200 
photographic and line illustrations ) — 
$1.25 postpaid . — *4 P.P. 

SKI TRACK ON THE BATTLEFIELD 
By Y. A. Firsoff. M.A. 

P OSSIBLY the first publication in English, 
on war-skiing, this book will intrigue 
both military and non-military readers 
with a first account of the ski-clad soldiers 
and their campaigns in Finland. Russia. 
Norway, the Alps, the Balkans, and the 
skill and daring of the snow armies. De- 
velopments in United States and (Canadian 
armies are also enlightening, yet do not 
divulge military secrets. Technically suf- 
ficient for the professional soldier; suf- 
ficiently captivating for the average 
reader, (158 pages, 6 by 9 inches, 37 il- 
lustrations, index.) — $2.10 postpaid. — 
I A.D.R., IV. 
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if you will mtntton Scientific 
American when writing for any 
of the publicationj luted below.) 

AsnKSTOs Factbook is a 16-i)age pamphlet 
which gives in compact form a wealth 
of information on asbestos. This includes 
the origin of asbestos, areas in which it 
is found, uses of asbestos and asbestos 
products, and typical analyses Asbestos, 
16th Floor, Inquirer Butldmq, PhiladeF 
phia, Pennsylvania. — 10 cents 

Flake Silica-Graphite Primer-Paint 
is a four-page folder which gives con- 
densed specifications on this type of sur- 
face coating for the protection of exposed 
metals and wood Flake silica-graphite is 
reported to be absolutely inert as a paint 
pigment and to be unaffected by heat, 
acids, and alkalies Joseph Dixon Crucible 
Company, Jersey City, New Jersey . — 
C, rat is. 

OuiLiNE FOR Post-War Plannino is 
an eight-page bulletin which presents 
certain basic elements that must be con- 
sidered by any forcsighted business man 
when planning an after-the-war selling 
program. Tracy, Kent and Company, Inc., 
Madison Avenue, Neiv York, Neiv 
York. — Gratis. 

Hor PROCES.S Water Softeners is a 24- 
page pamphlet which describes the 
operation of lime and soda hot process 
water softeners, and the equipment with 
which this work is done in various indus- 
tries. Outstanding features of the book are 
cross-sectional views of water treating 
plants and equipment. Graver Tank and 
Manufacturing Company, Inc., 332 South 
Michigan Avenue, Chicago, Illinois . — 
Gratis. 

How TO Light Your Blow Torch is a 
22 by 34 inch wall chart which presents 
a cross section of a torch and a scries of 
photographs which show precisely how to 
operate it. Turner Brass Works, Syca- 
more, Illinois, — Gratis to training schools 
and war industries. 

Air Conditioning is a 12-page article 
which deals briefly but concisely with 
many of the essential requirements for 
meeting war-time restrictions in heating 
and air conditioning design. Request Ref- 
erence Section No. 9. Industrial Press, 138 
Lafayette Street, New York, New York. 
— 25 cents. 

Radio-Formula and Data Book is a 42- 
page pocket size pamphlet which pre- 
sents a convenient collection of material 
for students and engineers in the field of 
radio and electronics. Allied Radio Corpo- 
ration, 833 West Jackson Bouletiard, Chi- 
cago, Illinois, — 10 cents. 

Intelligent Selfishness and Manu- 
facturing, by James F. Lincoln, is a 
12-page dissertation on the whole question 
of incentive pay for employees and the ad- 
vantages which accrue to the employe!*. 


Owners of 

"AMATEUR TELESCOPE MAKINO” 

who have been bitten deeply by the 
hobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby in the companion 
volume. 

“AMATEUR TELESCOPE 
MAKIHG-ADVAMCED” 

Thil U a wholly different book 
from Amateur Telescope Making/* 

650 pages 359 illustrations 

Over 300,000 words 

15.00 postpaid, domestic 
$5.35 foreign 
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24 West 40th Si., New York, N. Y. 


Essentially the text is a record of the suc- 
cess of the incentive pay procedure as ap- 
plied by one manufacturer. The Lincoln 
Electric Company, C le^'eland, Ohio . — 
Gratis. 

“Tun Invisible Worid” and Other 
S iORiES is a 20-page booklet which 
presents a few of the adventures of nine 
scientists and engineers in the world of 
electricity. Many idiotographs and draw- 
ings illustrate the men’s activities. Bulle- 
tin GES-2%2 Publicity Department, 
General Electric C ompany, Schenectady, 
New York. — Gratis. 

Doall Contour Saws is a 250-pagc book 
with hard board covers which gives 
details on the development of contour 
sawing and filing machines, on tools of 
various types, on basic applications, and 
so on. Eighty percent of the text is given 
in picture form, with charts and diagrams 
presenting a comidcte grasp of the proper 
speeds and feeds to be used in the shaping 
of all basic materials Doall Service Com- 
pany, 1201 Thacker Street, Des Plainer, 
Illinois. — Gratis. 

Kennametai Tool Manual is a 48'page 
pocket size booklet which shows typical 
applications and uses of these industrial 
tools whicli are available in mote than 30 
standard styles and in four grades of 
hardness Information is also given on 
care and handling of these tools as well 
as on brazing and grinding. McKenna 
Metals Company, 100 I.loyd Avenue, 
Latrobe, Pennsylvania. — Gratis. 

Dkesinate is an eight-page bulletin de- 
scribing the properties of a rosm-base 
wetting agent for speeding up the action 
of alkaline metal cleaning compounds. 
Various industrial cleaning operations arc 
expedited through its use. Request Bulle- 
tin PM-lO. Hercules Powder Company, 
Wilmington, Delaware. — Gratis. 

Micromax Pneumatic Control is a 16- 
page catalog which describes and illus- 
trates the use of this equipment for regu- 
lation of pH, conductivity, and other 
conditions in a wide variety of indus- 
trial processes. The control employs a 
system of balances which detects, while 
they are very small, any departures from 
the predetermined control point, and 
operates simultaneously, by means of air 
pressure, to correct them. Catalog 
N-OOB. Leeds and Northrup Company, 
4934 Stenton Avenue, Philadelphia, Penn- 
sylvan ia. — G ra tis. 

Alloys for Uncle Sam is an eight-page 
description of three bronze alloys de- 
veloped especially for the victory pro- 
gram, and a description of the specifica- 
tions which they meet Photomicographs 
supplement the text. Ampco Metal, Inc., 
1745 South Thirty-Eighth Street, Mil- 
waukee, Wisconsin. — Gratis. 

Refrigeration is a 48-page text book for 
home study, in which are presented the 
fundamentals of the refrigeration indus- 
try. The text describes various types of 
equipment as well as trouble diagnosis? and 
service work. Supreme Publications, 328 
South Jefferson Street, Chicago, Illinois. 
— 40 cents. 
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HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material; many 
ipare- and full-time businesses have 
bwn built up on one or more of its 
formulas; home workshop hobbyists 
constantly find new thoughts in its 
pages. 
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TELESCOPTICS 


A Monthly Department for the Amateur Telescope Maker 
Conducted by ALBERT G. INGALLS 

Iditor of tli« Scientific Americon books ''Amoteur TsUscopo Moking'* 
ond ^^Amofour Telotcop# Moking>-Advoncod'' 


C OLLiMATioN is the accurate adjust- 
ment of the line of sight through a 
telescope after the optical elements and 
mounting are assembled. The number of 
letters received from telescope makers 
who indicate surprise that this should 
prove to be more of a job than they anti- 
cipated teaches us that it should have 
been stated without gloves in “Amateur 
Telsecope Making” that collimation gen- 
erally is not easy, often is difficult, and 
usually accounts for hours of profanity 
and perspiration, and that this should 
be expecte<l. You wrestle with the ad- 
justments till you tremble, then lie awake 
after going to bed, trying to think out 
where you made your mistakes. You 
wrestle some more the next day, lose 
your fine disposition, appetite, alx)ut 20 
pounds in weight, and eventually die of 
anorexia. But if you don’t die, it’s a won- 
derful feeling when you finally do get all 
the bugs out of the collimation job. So 
collimation is fine fun. 

Collimating a Springfield telescope, 
with its extra reflection, is only a little 
harder than collimating a common tele- 
scope. We asked Russell Porter, who 
originated the Springfield, if this weren’t 
true, and he replied that it’s easier than 
falling off a log. From this, we sort of 
gather that there is a slight discrepancy 
somewhere. Was he pulling our leg? 

Cyril G. Wates, 7718 Jasper Avc., Ed- 
monton, Alta., Canada, has shown interest 
in collimating problems that wreck less 
agile intellects, and so we recently show- 
ed him a wail received from a Springfield 
mounting maker who was on the verge 
of death from collimitis. In return he 
showed us the reply he had thoughtfully 
sent to the sufferer. It was so lucid that 
we asked him to dish it up as an article. 
Here it is: 

“I often find that it helps to visualize 
the problems involved in collimation if 
one thinks of the various optical axes as 
thin steel rods. If these ‘rods’ will turn 
freely in imaginary bearings rigidly at- 
tached to the mechanical parts of the tele- 
scope, collimation is bound to be perfect. 

“In Figure 1, D represents the declina- 
tion axis, and a, b, c, arc cross-threads. I 
assume that the main mirror has been 
lined up with a and 6. Now if the dia- 
gonal P is inserted and adjusted so that 
cross-wire c lines up with a, when viewed 
along the center of the declination axis, 
the telescope can be rotated on this axis 
without throwing the cross-hairs out of 
line, because all the parts involved arc 
solidly connected together. However, the 
moment prism H is put into the path of 
the rays, another factor is involved, be- 
cause H is not connected to the rest of 
the optical parts; it stands still while 
everything else turns around. 

“Note that it does not make the slight- 


est difference to the collimation whether 
the declination axis is at right angles to 
the tube or not, so long as the optical 
axis of the light cone coincides with the 
mechanical axis of the declination axis. It 
might be like Figure 2 without affecting 
the collimation adversely, since all the 
parts are united, and once having got 
the cone of rays truly centered in the 
declination axis, you may throw the rest 
of the parts, tube, mirror and diagonal, 
away, and forget them. This does not 
mean, of course, that the declination axis 
need not be at right angles; simply that 
its rectangularity has no bearing on the 
collimation 

“Now, let’s bring the prism H and eye- 
piece into the picture. These also are 
fastened together. Consider the point Q 
where the ray cd cuts the diagonal sur- 
face of the prism. If this point is exactly 
in the center of the declination axis, it 
makes no difference, as far as collimation 
is concerned, if the prism and eyepiece 
are all cockeyed. 

“The whole thing simmers down to 
this : the ray cd must be lined up exactly 
in the center of the declination axis, and 
after that condition is secured, all ad- 
justments can be made on the prism H 
and eyepiece without in any way affecting 
the collimation of the main tube. 

“There is, however, a way in which the 
relationship between the declination axis 
and main tube affects the collimation. 
Picture the declination axis connected to 
the tube by a universal joint. Also picture 
the mechanical center of the declination 
axis as a thin rod protruding into the 
tube, and the optical axis of the tube 
as another thin rod. Obviously, these 
rods must intersect. Assume that they do 
intersect. Then the declination axis could 
be moved on its joint longi- 
tudinally without breaking the 
intersection (Figure 3). One 
rod slides along the other. 

“If, however, the declina- 
tion axis is moved crosswise, 
the intersection will break at 
once. (Figure 4). If the inter- 
section is broken, it obviously 
will be impossible to reflect 
the central ray so that it fol- 
lows the center of the declina- 
tion axis, and I imagine that 
this is the commonest cause 
of trouble in collimating a 
Springfield, The remedy is to 
shim the tube in its cradle 
until the declination axis is 
square-on, but it is more diffi- 
cult to design a method by 
which this squaring on may be 
accurately tested. 

“One way would be by 
means of a wooden rod, turned 
in the lathe to fit snugly in- 


side the declination axis and having a tiny 
pin in the center. This could be combined 
with a plumb-bob hanging axially in the 
tube (Figure 5). A simpler way is the 
old one of marking the point a (Figure 
4) with great exactness, and sighting at 
it by means of cross-wires in the declina- 
tion axis. 

“Both these methods assume that the 
inside of the declination axis is concen- 
tric with the outside, which may not be 
the case; also they lack refinement. No 
pains should be spared to get this ad- 
justment accurate, as everything else de- 
pends upon it. If it is not correct, one of 
two things will happen ; either the central 
ray will be reflected parallel to, but not 
coincident with, the mechanical axis of 
the decimation bearing, or the central ray 
will be cockeyed, like one of the lines 
c c (Figure 4). Either condition is clearly 
fatal to collimation. 

“The best method i.s probably a modifi- 
cation of one described m ‘A.T.M.’ for lin- 
ing up the declination axis, that is, by 
sighting at fixed posts and reversing the 
tube. Assuming that this already has been 
done, new sighting blocks arc provided 
as near to the ends of the tube as will 
permit the head to be inserted at either 
end. The set-up is shown diagrammatically 
in Figure 6. 

“In addition to the cross-wires, provide 
a disk of cardboard which can be attached 
to either end of the tube, with a 1/16'' 
hole accurately punched to coincide with 
the intersection of the cross-wires. (I 
should make the disk first, and attach 
the cross-wires to intersect in the hole). 
Putting the disk at C, sight toward a, and 
put a dot on the block where the wires 
fall. Without moving the tube, put the 
disk at D and sight toward b, which 
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has a scale fastened to it. Note the read- 
ing «n the scale. 

‘‘Without removing the disk, reverse 
the tube and line up the cross-wires on 
the dot, at a. Transfer the disk to the 
other end, and sight at the scale. If the 
reading is not the same as before, it is be- 
cause the central line of the declination 
axis does not intersect the line joining 
the cross-wires (the axis of the tube). It 
must be made to do so by shimming un- 
der the saddle 

“It may be found that, when reversing 
the tube, it will be impossible to line up 
the intersection of the cross-w'ires with 
the dot. It may fall above or below the 
dot. In such event, disregard the cross- 
wire which is at right angles to the 
declination axis, and merely make the 
wire that is parallel to the declination 
axis intersect the dot. 

“The adjustment of the tube in the 
cradle to make both wdres coincide wdth 
the dot involves shimming in both direc- 
tions. The best way to accomplish this is 
a bit of a problem, which may be left to 
the ingenuity of the worker. Really, it is 
quite unnecessary to adjust longitudinally 
by slumming at the ends of the cradle 
(see Figure 2). All that is required is 
shims at one side or the other to ‘roll’ the 
tube in the cradle and bring its axis into 
coincidence wdth the axis of the declina- 
tion bearing. 

“These are the preliminary adjustments 
When these are complete, I should start 
collimating from both ends, and meet in 
the middle. Insert the main mirror and 
line up so that the optical axis coincides 
with the cross-wires. Insert accurate 
cross-wires at the inner end of the declina- 
tion axis (c. Figure 1) A cap should be 
provided for the eyepiece adapter tube, 
with a small hole in the exact centei 
Such a cap can easily be made of tin, 
and is a very useful gadget. 

“Sighting through the cap, see whether 
the inner end of the declination axis, 
where the cross-wires arc, lines up cen- 
trally on the face of the prism. If not, 
adjust the prism to make it so. I regard 
tliis adjustment as the least important of 
all, since a slight error here will not 
affect the collimation. It will simply cause 
a slight chromatic effect on bright images 

“Now insert the diagonal in the main 
tube. Adjust this until the cross-wires at 
a (Figure 1) coincide with the cross- 
wires at c. It should now be possible to 
rotate the tube on the declination axis 
without separating a and c. If this is so, 
collimation is complete. 

“Note, by the way, that the first ad- 
justment of the diagonal should be to 
slide it longitudinally in the spider until 
the eclipse appears truly circular and 
centered in the declination axis, as viewed 
through the hole in the cap. Next, adjust 
by the push-pull screws until the cross- 
wires line up as nearly as possible. If 
this adjustment cannot be made exactly, 
it may be necessary to alter the first ad- 
justment slightly. This is obvious when 
you considei that the face of the diagonal 
must coincide with the junction point of 
the two axes, as seen in Figure 7. Where- 
ever I have spoken of the ‘diagonal,’ 
‘prism’ may, of course, be substituted. 
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“Summarizing, the various steps are as 
follows : 

1) Make cardixjard disk and punch 
central hole. 

2) Stretch cross- wires in main tube, 
centering by means of disk. 

3) Square up declination axis by sight- 
ing blocks (Figure 6). 

4) Insert and adjust main mirror. 

5) Insert and adjust prism H. 

6) Provide cross-wires in declination 
axis. 

7) Insert diagonal (or prism) and 
adjust to make cross-wires coincide.^ 

R otoscreen : Before he joined the Army, 
William Waldeyer, of San Francisco, 
offered the following to other amateurs : 
“When an image of the Sun is thrown on 
cardboard (or any kind of screen, I sup- 
pose), the grain of the screen interferes 
with the sharpness of the image But if 
that screen is rotated or moved, the granu- 
lations or grains of the screen become in- 
visible, while the image immediately be- 
comes sharp and dear. The image, of 
course, is thrown on succeeding portions 
of the rotating screen, and the persistence 
of vision causes the image to clear up and 
become sharp. Sunspots, as well as the 
white flocculi of the Sun, become clearly 
visible on the screen. The idea seems so 
obvious that I don’t doubt it’s already 
in. common usage — only I’ve never come 
across it ’’ 

Waldeyer made his rig from the motor- 
driven propeller shaft of a 15-cent toy 
electric boat. 

T est, never tried but offered for what 
it may prove to be worth, by J. R 
Haviland, author of the long treatise on 


MERCURY GLOBULE , DIAMETER 



I ''PINHOLE IN HALT- SILVERED GLASS 
'^EYEPIECE 
''--LAMP 


Figure 8. Hovilond’s proposol 

the refracting telescope in ‘‘.A.T.M.A.’’, 
is shown in Figure 8. Theory, says Havi- 
land, suggests that it would be very 
accurate, but, he asks, w ill it work practi- 
cally ? He continues . 

“Unless the center of the sphere of 
mercury, mounted on a micrometer screw, 
is placed accurately at the center of curva- 
ture, the image of the pinhole wdll not be 
sharp — a few thousandths of an inch of 
shift wdll blur it. Use a stop exposing one 
zone at a time, as sketched. However, as 
sketched, the returning focus falls concen- 
tric with the pinhole in the silver, and 
there would be difficulty in distinguishing 
which was which in the eyepiece. Perhaps 
it would prove necessary to use a pinhole 
in an opaque screen back of the glass. 

“The accuracy would be better than 
one eighth of a wavelength at the peri- 
pheral zones For large mirrors this 
test would obviate the use of the cus- 
tomary flats.’’ 

I F YOUR local hardware dealer’s truck, 
loaded with a shipment of Pyrex oven- 


ware, should get into an accident and 200 
pounds of Pyrex were broken, would you 
not, as a telescope maker, have the 
thought: “I could do things with that 
much Pyrex if only it were in the form 
of mirror disks’’? Wilbur E. Gemmill, 
chemical engineer, 434 North Beaver St , 
York, Pa., ran true to amateur form 
when this happened in his community. 
He already owned equipment for melting 
down the fragments and he obeyed his 
TN instincts. It proved successful. 

Into a graphite crucible he put 15 
pounds of broken Pyrex and set this in 
his laboratory furnace. This he raised to 
2500®, F., allowed the bubbles to rise 
through the viscous mass, poured the melt 


dAAFHiTk r 

S^LiT Pino-4 


gpapmiyr. Disc 
A /Graph \ r AT iL 


Figure 9: Gemmiirs glass mold 


into a mold (Figure 9) which had been 
pre-hcated to 1500°, F., in a muffle. He 
left the poured glass in the muffle for 38 
hours, during which the temjicrature was 
gradually allowed to fall by changing 
transformer taps. Next, it was left an- 
other 16 hours without heat, and removed 
at 110°, F. 

“The disk made a fine mirror,’’ he 
writes, “with no evidence of strains when 
tested with two Polaroids. It was ground, 
polished, and figured, and has been in 
use for over a year with beautiful results.’’ 

Did it pay‘^ Of course not. Gas— elec- 
tricity — time . a new Pyrex disk could be 
bouglit for less. Yet it did pay out — m fun 
“It was done,’’ Gcmmill says, “simply be- 
cause of the intriguing nature of the prob- 
lem.” 

“Subsequently,” he adds, “I have melted 
dowm a local enthusiast's disk in which 
there was a crack caused by accidental 
dropping. The large chip thus outlined 
welded in and the cracks disappeared at 
about 2200°, F. I am also saving my 
broken laboratory ware to make two 10" 
disks to make flats. 

“A local amateur made an 8" disk from 
scrap window glass. The pieces were 
washed with soap, rinsed, dried, fed, piece 
by piece, into an iron crucible, raised to 
1800°, F., and held several hours for 
bubbles to rise. Poured into an asbestos- 
lined iron mold and covered with asbestos 
paper and iron, the glass was left to cool 
till no longer plastic It was then buried 
in about 15 pounds of house insulating 
material and allowed to anneal for 24 to 
36 hours. It annealed quite well, as 
checked by two Polaroids, and seemed 
very uniform. The mirror took and held 
a good paraboloid.” 

Again, all this is largely of general 
interest, alone, to the average amateur, 
because the necessary furnace is seldom 
available. Gemmill states that a home- 
made blower could be rigged up with an 
oil burner and some sort of retort. Again 
we have the intangible factor of fun pot- 
tering with gadgets, and when some too 
practical -minded critic comes along to 
remark, “Does it pay?” you say “No,” — 
and go on pottering, leaving him shaking 
his head. He will never understand the 
mainsprings of the experimental urge. 
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libur second helping ? 
or our second front ? 


Y ou WANT lO SEE THIS WAU WON — lind WOH 

quickly. You want to see it carried to the 
enemy with a vengeance. Okay— so do all of us. 
But just remember . . . 

A second front takes food . . . food to feed our 
allies in addition to our own men. 

Wliich do you want — more meat for you, or 
enough meat for tliem? An extra cup of collee on 
your breakfast table, or a full tin cup of coffee for 
a fighting soldier? 

Just remember that the meat you don’t gel — 
and the coflFee tnd sugar that you don’t get— arc 
up at the front lines— fighting for you. 

Would vou have it otherwise? 


(Viverfulhf ny-operating with ration^ 
ing Ls one natj uc can help to toin 
this war. But there arc Horcs of 
others. Many of them ate described 
in a new free booklet called “You 
and the War** available from this 
magazine. Send for your copy to^ 
day! Learn abemt the many oppor^- 
t uni tics for doing an important 
service to your country. 

Bead about the Citizens Defense 
Corps, organized as part of Local 
Defense Councils, Choose the job 
ymirc best at. and start doing it! 
Y cn 1 're needed ‘--uow ! 


Contributed by tbb MdMBazins Publiihnri of Anerko 


EVERY CIVIUAN A FIGHTER 



CHECKING the spacing between the 
blades on a steam turbine spindle for 
a new war cargo ship is one of the 
exacting inspection operations in the 
production of these power plants b'or 
the first time in turbine history, such 
ship power plants — in this case de- 
veloping 2000 horsepower per turbine 
— have been standardized and are 
being built on a quantity basis by the 
Wcstinghouse Electric and Manufac- 
turing Company. 
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50 Years Ago in . . . 



(Condensed From issues of July, 1893) 


INVENTIVE CAMPAIGNS— “Thomas A. Edison, wh«ai he 
was congratulated upon his forty-sixth birthday, declared that 
he did not measure his life by years, but by achievements or by 
campaigns; and he then confessed that he had planned ahead 
many campaigns, and that he looks forward to no period of 
rest, believing that for him, at least, the happiest life is a life 
of work.” 

GREAT GUN — ”Of all the foreign nations that are taking part 
in the World’s Columbian Exposition at Chicago, Germany takes 
the lead, in extent, variety, cost and superiority in almost every 
characteristic. . . . The great Krupp gun ... the heaviest piece 
of ordnance ever brought to an exhibition, is a 16.24 in. coast 
defense gun; the total length is 33.5 calibers, or 45 ft. 11 in., 



the length of bore being 41 ft. 8 in., the total weight is nearly 
122 tons. This gun has fired sixteen rounds at the Krupp testing 
grounds at Meppen. During these trials the following results 
were obtained: The projectile weighed 2,200 lbs., and the charge 
was 902 lb. of brown prismatic powder; an initial velocity of 
1,981 ft. per second was recorded, and the striking energy was 
18,594 metric tons. We give a photographic view of the firing 
of this extraordinary weapon.” 

CYCLIST TROUBLE— “One evil traceable to bicycling is the 
confirmed stoop which has already declared itself in many 
wheelmen, a result so common in the less strongly built bicyclists 
of the Continent as to have found its way into classification as 
the ‘kyphosis bicyclistarum.’ 

CEMENT-IRON BRIDGE— “A new bridge was recently 
completed over the River Neutra, in Hungary, according to 
a system devised by Robert Wunsch, and consists of beton 
arches in which iron skeleton framework has been incorporated. 
The iron work comprises not simply single iron rods, but 
complete trusses made up of horizontal upper and parabolic 
lower chords. Cross girders and tie rods, however, have been 
entirely omitted^ and are supplanted by the beton. The wooden 
false work of the bridge was built to form a scries of moulds, 
each mould constituting one complete bridge arch, and after 
the iron work had been put in place the beton was dumped in 


and thoroughly rammed. The work was divided up, so that the 
beton filling of each arch was completed in one day, and the 
false work was kept in place for an average of 37 days for 
each arch.” 

SUNLIGHT — “In the dark, and at moderate temperatures, the 
spores of anthrax retain their powers of infection for many 
months in any of the waters experimented with, fresh or 
sterilized. But in direct sunlight the spores undergo rapid 
destruction; and it has been definitely proved that this destruc- 
tion is directly due to the light rays, especially at the blue 
end of the spectrum.” 

CLAMS — “A clam mine, full of live clams and of great breadth 
and depth, has been discovered at the mouth of the Delaware 
Bay, off the Flashing Creek shore.” 

MALARIA — “Dr. H. M. Clark has printed a memoir of his 
experience with malaria during a residence of nine years in 
India. How formidable a barrier to civilization malaria is may 
be inferred from the fact that to this disease alone is attribu- 
table not less than half the deaths throughout the world. . . . 
Only two races are proof against it, the Negroes of the grain 
coast of Western Africa and the Taurus of Northern India.” 

STEEL TIES — “The Mexican Railroad has now some 150 
miles of track, including the Pachuca branch, laid with steel 
ties which weigli 124 pounds each, or 126 pounds with the two 
key bolts.” 

TELEGRAPH — “The United States minister at Peking, China, 
reports to the State Department that the Chinese telegraph 
system has been connected with the Russian system, so that 
messages may now be sent overland between any part of China, 
Russia, Europe, and by cable to Africa, North and South 
America, and Australia. The whole world is now wired and 
telegraphically connected.” 

TANK LINING — “A mixture of coal tar and California rock 
asphaltum has been successfully employed by Mr. R. C. Gemmell 
for lining a reservoir for the city water works of La Grande, 
Oregon. The reservoir is of oval shape, part in excavation in 
heavy clayey soil and part in embankment made from the 
excavated material, with inner slopes of three to one. . . . The 
lining consists of one layer of brick on edge, covered by three- 
eighths inch of the bitumen mixture” 

SPEED GOVERNOR — “Perhaps the most severe test that a 
"water wheel governor was ever subjected to is the case of a 
Pelton wheel running a set of circular saws at the mill of the 
Red Cross Lumber Company, in the northern part of Cali- 
fornia, The wheel is operated under a vertical pressure of 485 
feet. The saws require to drive them through the log at full 
feed 125 H.P. They take about seven cuts per minute, thus 
varying from full load, namely, 125 H.P., to only what is 
required to drive the saws running free. During this operation 
the variation in speed is not perceptible.” 

TRANSATL.^NTIC — ‘‘The designer of the steamers Paris 
and New York, express . . . the belief that within ten years a 
vessel can ‘leave New York at noon and arrive at Southhamp- 
ton at noon on the fourth day out.’ To do this . . . will require 
the enormous speed of thirty knots.” 
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A LOT GOING ON IN THIS PICTURE— 
ANO A LOT GOING ON IN INDUSTRY 


It’s big, dramatic. You can see 
it. But you can’t see the idea 
that made it. 

You can’t photograph ideas. 
But they win wars. They make 
jobs. They make prosperity. They 
make well-being. 

They used to come as a reve- 
lation once in a while, almost like 
a miracle to an individual. Now, 
there are teams that insure them. 


Groups that keep ideas flowing. 
People who know how to dip into 
the wealth of nature for what they 
need. 

They are scientists. They work 
together in laboratories. 

They are working at the Bell 
Telephone Laboratories. Thou- 
sands of them. This is the biggest 
industrial laboratory in the world. 
Once its work was all telephone. 


To help your voice reach any one, 
anywhere. Easily, quickly, at low 
cost. Now it’s war. Day and night. 
Seven days a week. 

Our fighting men see the results 
of American research every day. 

BELL TELEPHONE SYSTEM 

Help the war by making only vital calls 
to war^busy centers. That's more and 
more essential every day. 
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HOW GREAT THE CHANGES? 

The enormous strides that have been made by science and 
technology during the past two years point irrevocably toward 
a bright new world when the clouds of war are dissipated 
and man can once more turn his hand to the pursuits of peace. 
Post-war planning is now upon us in full force. Out of such 
planning, coupled with the lessons learned in the laboratories 
and plants during the stupendous drive for war production, 
will come new developments that will stagger the average 
mind, that will make daily life far different in many respects 
than it has ever been in the past. 

Such statements are irrefutable Readers of Scientific Ameri- 
can have been following the reports — screened as they must 
be of necessity by the demands of wartime secrecy — of new 
developments in many fields. Foods, transixirtation, rubber, con- 
struction materials, textiles— the list could go on for many 
lines — all arc being revolutionized by the results of the pres- 
sure under which science is now working and will continue 
to work until the last enemy of peace-loving nations has been 
subjugated. That the enlightened days to come will be better 
than any ever known in the past goes without saying 

But will the world of tomorrow be so radically different 
from that of the past? True enough, there are indications that 
the “four freedoms” may eventually be guaranteed to every 
^ving person and that life in the future will be easier in many 
w^ays. The basic fundamental of all existence, however, is 
the person himself, stripped of the comforts and conveniences 
made possible by his environment. On this basts, then, will the 
new world be so far different from the old? 

A look into the past may furnish an answer. These great 
United States were settled by farmers who were largely suffi- 
cient unto themselves. With their bare hands they carved 
a nation from the wilderness, fought for their ideals, laid the 
foundations for a great future built largely on courage, re- 
sourcefulness, and creative energy, salted liberally with a con- 
cern for the whole people rather than for the privileged few' 
This democratic ideal worked Of course, it had its short- 
comings, as will everything ever conceived by man. Yet, it 
worked It worked so well that the young nation flourished 
strong and mightily, gave birth to the industrial era that has 
made it outstanding among the countries of the world. Through 
all this the people as a whole remained unchanged in their de- 
votion to first principles 

Life speeded up Communications drew' the far-flung parts of 
the nation closer together Transportation brought distant areas 
nearer, made interchange of goods and thoughts easier and 
more profitable to all Technology changed many pictures, giving 
radio, the automobile, better clothing, better foods, improved 
materials to the masses. Yet the ideal of democracy remained 
the unchanging factor in a changing world. 

Will the future, then, from this standpoint, be so far 
removed from the past? We will fly to foreign lands in hours 
w'here the same trip formerly required days or weeks. We will 
have better homes, better automobiles, better communication 
systems. We will have plastics, synthetic rubbers, other products 
of the test-tube to make the way smoother or more convenient. 
We will be at peace with other nations in a world made more 
liveable by the products of science But in many respects it 
will still be the same old world, with ham and eggs for 
breakfast -/I P,P. 

ACCIDENTS? 

Is IT derogatory to a scientific discoverer to say that his dis- 
covery arose from an accident? Is it little to his credit that, as 
is sometimes implied, he merely blunders on his great discovery? 

In the midst of a most immediate w’ar, British scientists have 
recently been discussing this question in their scientific journal 
Nature, 

The consensus arrived at is that it is not derogatory to 
lay that a scientist made his discovery by accident. 

Perhaps in popular, story-book tradition a scientific genius 
proceeds to his triumphal discovery all according to an ordered 


OUR 

Point 

OF VIEW 


plan. He knows in advance precisely what he seeks to discover 
and he proceeds on an undeviating line toward his goal. In 
actual fact, this has seldom happened in scientific research. The 
greater proportion of the big discoveries have been found along 
the road, generally off it and to one side of it, leading toward 
the discoveries the scientists originally set out to make — dis- 
coveries which, if they are then made at all, prove to be 
relatively less important than the ones that are made. Some 
examples : 

Minkowski and von Mehring set out to discover the effect 
of the pancreas on digestion — a most worthy aim. They de- 
prived a dog of its pancreas As a side observation of an 
apparently casual sort it was noticed that flies swarmed where 
the dog had urinated. They stopped to find out why. Sugar was 
found. Banting and Best were then able to go ahead and 
discover insulin for diabetics. Suppose, however, that one experi- 
menter had said impatiently to the other, “That’s off the main 
track. Come on and let’s get going.” We’d then have had a 
better understanding of the effect of the pancreas on digestion, 
but diabetics would not have insulin to keep them from dying. 

Another example • Roentgen discovered X-rays “by accident ” 
Near a Crookes tube in a dark room was a platinum com- 
pound. When the tube was operated he noticed that this 
compound, which merely happened to be there among the 
physicist’s typical tabic litter, gave off a dim light. Roentgen 
departed from the path to his intended goal to discover the 
X-ray. What the intended goal was is forgotten 

Third example : Becquerel discovers radioactivity through 
a combination of plausible reasoning and accident. X-rays had 
been found to be caused apparently through fluorescence. 
Becquerel knew that some uranium compounds would fluoresce 
in sunlight, hence he planned to discover that X-rays could be 
produced by sunlight. He covered a photographic plate with 
black paper, sprinkled on thi.s some uranium nitrate, and laid 
the whole in the sun. Result: The plate was blackened beneath 
the uranium. X-rays, therefore, were produced by sunlight. 
Being a good scientist he set out, however, to verify the 
demonstration by repetition. Unfortunately (or not) a stormy 
period intervened, so he kept the plate in a closet till the 
sun returned. Because of the interval he then thought perhaps 
a new plate should be used, but for some reason he developed 
the one that hOd been lyinq tn the dark. The very same black- 
ening! Gamma rays similar to X-rays had been emitted by 
the uranium all the time. He followed up the lead given by 
this “accident” (?) and suggested to Madame Curie the 
experiments that led to the discovery of radium 

Were these accidents? Here is the nubbin of the matter. 
The word is a misnomer. In every case — and the history of 
science abounds with cases like them — the discovery was made 
thiough incidents, not accidents; incidents that were not of 
the scientists’ intentional making. For it is no accident when 
the experimenter pauses to run up the side-alley and ascertain 
the meaning of the incident. Here is where the greatness lies 
— many of us (and many scientists themselves) pass straight 
over trifling incidents which may conceal riches. Among them- 
selves, experimental scientists speak, in such cases, of follow- 
ing up a “hunch.” But as “hunches” go, they are much more 
than the word usually connotes; they are not accidents, they 
are at worst unconscious cerebration, at best genius. 

It, therefore, can be argued that discovery by “accident” 
represents a higher, not a lower, form than discovery by 
plotted design. — A.G.I, 
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Personalities 

in 

Science 


EDWARD C. SCHNEIDER 


W HEN a small group of pioneers 
in aviation medicine gathered in 
their shack in France some 25 years ago 
and heard a young, quiet-spoken member 
of their group expound his idea for a 
standard test to determine the fitness of 
aviators to fly, particularly at high alti- 
tudes, it is probable that few had any 
idea that they were approving a plan 
which would still be in use a quarter 
of a century later. 

It is equally unlikely that any of the 
group realized that the plan would, some 
25 years after, win the John Jeffries 
Award for 1942 given by the Institute 
of Aeronautical Sciences, 

Edward C Schneider, Sc.D , professor 
of biology at Wesleyan University, was 
the young scientist who originated the 
Schneider Physical Fitness Index in that 
shack in France during World War I. 
A few weeks ago Dr. Schneider was the 
guest of honor at the Honors Night 
Dinner in New York of the Institute of 
Aeronautical Sciences and was recog- 
nized for his pioneering research in the 
field of aviation medicine. 

Dr. Schneider displayed an interest in 
aviation medicine early in life and that 
interest has never waned After receiving 
his undergraduate training at Tabor 
College in Iowa (his native state), he 
received the degree of Ph.D. at Yale Uni- 
versity and then joined the faculty of 
Tabor College and later Colorado College, 
where he taught biology, physiology, and 
chemistry. 

During these years he was keenly in- 
terested in the studies of the physiological 
reactions of mankind to high altitudes at 
Colorado Springs and Pike’s Peak and 
in 1911 wa3 a member of the Anglo- 
American Pike’s Peak Expedition study- 
ing mountain sickness and adaptation to 
high altitudes. 

When the progress of World War I 
brought air warfare to the front. Dr. 
Schneider was a “natural” for the post 
of physiologist in charge of the Medjcal 
Research Laboratory set up in Washing- 


ton by the Medical Research Board to 
investigate conditions which affect air- 
craft pilots and to provide tests and ap- 
paratus with which to counteract the ill 
effects of high altitude flying 

The aeromcdical laboratory was later 
moved to Hazelhurst Field on Long 
Island, then one of the larger pilot train- 
ing centers, and a school for training 
flight surgeons was established, its first 
courses of study being arranged by Dr. 
Schneider. When a group of officers 
trained at the school were sent to France 
to establish a laboratory at Issoudun, 
Dr Schneider, then a Major, went along 
as a member of the Medical Research 
Board heading the group. 

It was at this laboratory, about 150 
miles from the battle front, that the 
Schneider Physical Fitness Index was 
developed and first put into use. It is a 
system of scoring men as to health and 
physical fitness by a simple standardized 
test of the heart and circulatory condition 
of the individual at rest and after a pre- 
scribed amount of activity. The test in- 
dicates, among other things, fatigue and 
general unfitness of the body before the 
condition becomes outwardly apparent. 
Thus the onset of “staleness” in a pilot 
who has not had adequate rest or rec- 
reation over a considerable period can 


be detected before his condition becomes 
serious and a possible nervous break 
occurs. 

In addition to the research leading to 
this fitness test. Dr. Schneider has done 
a great amount of research on the effects 
of high altitude on the human organism, 
learning why some persons are able to 
withstand the ill effects ot high altitude to 
a greater extent than can others. He has 
also devised apparatus for measurement 
of and protection against the effects of 
low oxygen intake. Experiments were 
made in high altitude airplane flights as 
well as in low pressure test chambers. 

When the laboratory was reorganized 
as the Army School of Aviation Medi- 
cine, Dr. Schneider became physiologist 
and director of research as a Lieutenant 
Colonel. Until 1925 he divided his time 
between this and his post as Daniel Ayres 
Professor of Biology at Wesleyan. 

Today, in his 69th year. Dr. Schneider 
is little changed from the days when he 
originated the “Schneider test.” Aviation 
medicine is still his chief intercsst and his 
only regret is that he cannot play a 
more active part in the world conflict. 
He is, however, continuing his research 
in his quiet ifnassuming way and his 
findings may yet play an important part 
in aviation’s part in winning the war. 
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SKY SENTRIES ON GUARD 

Hiorbiit U. $. tenteis Are Protected by Betrage Balloons 

R. G. PiCINICH, JR. 


H igh overhead, the drone of many 
motors was heard as a squadron 
of Gocring*s Luftwaffe bombers appeared 
out of the East and headed across the 
English Channel. Spewed from captured 
French airdromes, the planes were on 
their way to carry another air blitz to 
London. It was a glorious moon-light 
night and visibility was perfect, except for 
occasional intervals when the full moon 
hid behind passing clouds. 

• A few minutes before ten o’clock, the 
first of the Nazi bomber fleet approached 
the British coast, flying in echelon. Soon 
the airplane spotters and fire watchers 
on the house-tops saw 24 Stukas silhou- 
etted against the moon, no bigger than 
flics. In the distance could be heard the 
roar of many larger raiding craft. Cross- 
ing the coastline, each of the enemy planes 
dropped a single bomb at the shore in- 
stallations far beneath them. This was 
more for psychological reasons than for 
destructive purposes. As the screaming 
projectiles fell, the gunners on the ground 
and house-tops sent up star shells, shining 
with magnesium brilliance, to high-light 
the ships of the attackers. Then, a green 
flare shot up just ahead of the first 
bomber and began to burn acidly in the 
sky. The glare lighted up the plane with 
a ghostly light and the sky behind was 
turned into a blue-black curtain Scores 
of white flares followed, dancing like 
gnats about the on-coming Stukas, and 
making each stand out in bold relief. As 
they flew inland, the bombers were pur- 
sued by a myriad of crisscrossing tracer 
shells and anti-aircraft fire. 

The target tonight was the highly im- 
portant Battersea power plant. The plant 
area was ringed about with barrage bal- 
loons. During the day, the balloons were 
lowered so that Nazi reconnaissance fliers 
could not see them. These hydrogen-in- 
flated bags, with their intricate pattern 
of strong wire cables forming a formid- 
able spider-like web, were directly in the 
path of the on-rushing bombers — on guard 
against their approaching dive attack. 
The sky sentries were placed at heights 
varying from 10,000 to 2,000 feet. 

Concentrating on the target, the Stukas 
flew ahead swiftly and with deadly 
rhythm, the anti-aircraft fire forcing them 
to remain high in the air. As spotters 
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and watchers continued to gaze aloft, 
the leader approached the objective and 
the dives started. The lead plane peeled 
off and plumeted down, at a spee<i of 
more than 400 miles an hour. It was 
quickly followed by the rest of the fleet, 
which dove like a wedge of destruction 
toward the power-generating buildings. 
A cloud had obscured the moon just as the 
plunge toward the earth began and noth- 
ing was visible to the pilots in the black- 
out below, particularly since they had 
just left the glare of the magnesium sky 
torches. Down, down, down, with the 
wind shrieking through the ailerons. 

The bombardiers of the larger raiders 
dropped some of their eggs on the city 
as they sped overhead. The earth trembled 
to the blasts of the bombs spewed from 
the death-dealing aircraft Fires broke 
out in many different sections at once 
and a black pall of smoke hung above the 
roof-tops Columns of debris reared sky- 
ward, slowly mushroomed and fell back. 
A tremendous explosion resulted when 
several bombs landed in a concentrated 
area and went off simultaneously, ripping 
the curtain of smoke apart in a shower of 
sparks. From below, the 3-inch 50’s 
barked — the 20mm's spat and sprayed 

N ow THE Stuka squadron leader was 
on the target. His plane was com- 
ing down so fast that he never saw the 
barrage of balloons floating above. He 
crashed into the wire net, held aloft by 
the swaying bags, with such force that 
the rebound of the steel cables sent his 
Stuka hurtling back in the direction from 
which it had come. The ship, a mass of 
twisted metal, disintegrated in the air 
and went plummeting down to the inferno 
in the streets below. 

At that moment the second bomber 
pilot saw the fatal predicament of his 
leader and, realizing the reason for the 
crash attempted to pull his ship out of 
its plunge so that he might rise above 
the obstruction. As he counted the sec- 
onds, the plane started up— slowly up, it 
seemed. As it gained altitude, the pilot 
suddenly saw a dark shadow above. It 
was sausage shaped and appeared to be 
of immense bulk as it loomed out of the 
dark. Too late! He could not clear it and 
plunged directly into the huge envelope. 


There was a rending, tearing sound as 
the plane went through the fabric, fol- 
lowed by a lerriffic explosion as the hy- 
drogen in the barrage balloon ignited. 
The airplane, ablaze, went spinning over 
and over toward the shambles below. The 
pilot could be seen by watchers, sitting in 
the cockpit, solid with flames, as he gave 
his life for his Fuehrer 

T he spider-like strands of the steel 
net, which had been held up by the gas 
bag, came tumbling down — their weight 
rending, tearing and crushing anything 
and everything in their path. On its way 
down, the main cable, lashing about, struck 
a third one of the dive-bombers, when the 
machine was less than 2000 feet from the 
ground. The blow of the steel strand 
crashed through the gas tank and a flash- 
ing spark set the petrol afire. Blazing 
fiercely, and twisting over and over, the 
plane plunged downward when, suddenly, 
another speck appeared behind it. It was 
the pilot For a breathless moment his 
chute fouled the fuselage, then he broke 
clear In a matter of seconds the airplane 
struck. 

The Luftwaffe pilots in the rear of the 
formation had witnessed the fate of their 
fellows and w^re making desperate at- 
tempts to either ride over or swerve 
aside from the barrage of balloons. Most 
of the bomber craft were able to do so, 
but one, brushing against one of the steel 
strands of the sky net, was blown to 
pieces in the air by the thousands of volts 
of static electricity with which the wires 
were charged As the plane exploded, its 
gasoline tanks burst into a mass of flames 
and spattered blazing fuel far and wide. 
The fuselage went into its last glide, los- 
ing altitude and streaming fire like a 
thrown torch 

Another of the Stukas struck the main 
cable of one of the balloons. Although the 
bomber did not crash but managed to sur- 
vive the impact, the steel strand which 
anchored the gas bag to the ground 
parted and away soared the sky sentry. 
With its cable lashing and slashing in 
deadly swings, the run-away craft was 
blown inland by an offshore breeze. 
Careening along on its rampaging flight, 
the balloon’s trailing cable came in con- 
tact with a water tower atop a London 
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Barrage balloons, plus a new navol oirship and two privately operated blimps 


hostelry, coiled about it like the tentacle 
of an octopus, strained for a moment and 
then tore the lank loose, sending tons 
of water cascading down on the surprised 
blitz workers below who were expecting 
fire, bomb fragments, and mortar — but not 
a waterfall from the sky Free from this 
obstacle, the craft went sailing along 
again with the steel strand twisting and 
hissing snake-like as it swung through the 
night air. This time the cable wound it- 
self about a church steeple and could not 
tear away. One of the Stukas, which had 
jettisoned its bombs and was winging 
toward the Channel, sprayed the bag in 
passing with incendiary bullets and the 
hydrogen-filled envelope exploded with a 
violence that sent the steeple crashing. 
The burning barrage craft fell on the 
church roof and soon that edifice was a 
mass of flames. 

W HILE incidents like the above have 
not as yet been experienced in the 
United States, we are prepared to meet 
enemy dive-bomber attacks, for we have 
built many hundreds of barrage balloons 
and are continuing to build them in ever- 
increasing numbers. Few persons have 
seen them and few probably will, unless 
or until an air attack is made on us. Bat- 
talions of trained personnel and the craft 
are housed in convenient places near 
vitally important targets — industrial and 
war plants, bridges, ship anchorages, over- 
seas bases, sources of power supply, rail 


terminals, ammunition supply depots, and 
a hundred other critical points which we 
must defend at any cost. 

Both British and American military 
experts are agreed that the barrage bal- 
loon is the best defense yet devised against 
the dive bomber. The sausage bags will 
be used in large numbers to defend im- 
portant cities, such as the Nation’s Capi- 
tal ; New York and Boston, on the East 
Coast ; San Francisco and Seattle, on the 
West Coast, together with other instal- 
lations vital to our war economy. To ring 
these about completely with anti-aircraft 
artillery would require a tremendous 
amount of costly equipment, but to cover 
certain areas with the less costly balloons 
and other sectors with anti-aircraft ar- 
tillery will simplify the task and still pro- 
vide a strong defense. Our army officials 
have been farsighted in this matter and 
are seeing to it that we shall be supplied 
with a sufficient number of barrage bal- 
loons for adequate protection in the event 
of an air invasion Most of the large rub- 
ber companies in the United States have 
been given contracts to produce the gas 
bags and arc turning them out in quantity. 
The number of these balloons now avail- 
able for the defense of our important 
cities and vital war installations is, of 
course, a military secret; enough, how- 
ever, we arc assured, have been produced 
to date to make our most highly viilncr- 
able areas safe from Nazi and Jap dive 
bombers. 


Aside from the uses already mentioned, 
the sky sentries arc one of the best added 
defenses in the vital military zones of the 
Panama Canal, the Welland Canal, and 
the Sault Saintc Mane installations. To 
be assured of hits on these small targets, 
enemy pilots would find low flying or 
dive bombing necessary. By placing the 
bags, with their attendant deadly sky nets, 
in sufficient numbers about the areas, the 
enemy will be forced to fly at a height 
of more than a mile. The bomber’s chances 
of registering a hit, at that altitude, even 
if he weathers the anti-aircraft gun fire, 
will be immeasurably less than it would 
be if he were free to approach close to 
the locks before releasing his bombs. The 
English have successfully protected Port 
Twefik, important Red Sea harbor 
through which much lend-lease material 
flows, at the southern end of the Suez 
Canal, with a screen of balloons. A recent 
and most effective innovation in the 
British Navy was to attach the gas bags 
to ships in convoy approaching home port, 
to protect the flotilla from enemy pilots 
who came out to attack. Since then, squad- 
rons of Stukas have turned tail on seeing 
the balloon-protected ships. 

When dive-bombers appear in the 
sky, speed in getting the bags into the 
air may spell the difference between the 
success or failure of a raid. No plane 
will willingly come near the dangling 
steel net held up by these sky sentries. 
The balloons are invaluable to anti-air- 
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craft gunners because they keep bombers 
high in the air, where the range of sound- 
detecting apparatus is truer. Failure to 
raise the usual barrage of balloons in one 
London area during a daylight vengeance 
raid, resulted in six Nazi raiders getting 
through the city's defenses. A school lost 
48 killed, mostly children. Air Minister 
Sir Archibald Sinclair explained that the 
craft were down because of maintenance 
work being done on them. This would 
not happen in the United States for our 
men have been trained to use replace- 
ment bags in the event that any are tem- 
porarily out of service for repairs or rou- 
tine inspections. 

I N today's global war, barrage balloons 
are the only lighter-than-air craft yet 
used by any of the belligerents — except 
for our effective use of the blimp for 
coastal patrol and convoy duty against 
the sub menace. Preliminary studies in 
the use of the balloons were made in this 
country by the Army Air Corps and this 
arm of the service is still charged with 
the development and procurement of 
equipment for the sausage bags. However, 
the craft are now in the charge of the 
Coast Artillery Corps, the only branch of 
our combat army that does not seek out 
the invader to attack him. Its purpose is to 
keep the invader away from places which 
he wants to attack. The first army barrage 
balloon school to be opened by the Coast 
Artillery was at Camp Davis, North 
Carolina, on July 28, 1941, Another train- 
ing center is maintained at Camp Tyson, 


Tennessee, where there arc facilities for 
the schooling of over 7000 men at one 
time. 

Major General J. A. Green, Chief of 
the Coast Artillery, says, regarding the 
barrage balloon : “The number of air- 
planes brought down by these balloons is 
not to be regarded as a criterion of their 
value as a defensive weapon. In this re- 
spect they are in the same category as 
sea-coast artillery. If these coast batteries 
are so feared by the enemy as to prevent 
him from coming within range of their 
guns, they accomplish their purpose. It is 
just so with barrage balloons. The enemy, 
if he knows a barrage of the craft is in 
front of him, will avoid it every time. 
Since the gas bags can be anchored to 
trucks and readily moved about from 
place to place, they constitute a constant 
headache to the dive-bomber.” 

As to our being attacked from the air, 
Axis pilots have been kept so busy in 
the European, North African, and Pacific 
war theaters that they have not yet found 
themselves in a position to pay us any 
long-promised visits. The Fuehrer's intui- 
tion, particularly after the Russian 
debacle, should warn him that Nipponese 
boasts, made before the Jap withdrawal 
from Guadalcanal, will never materialize 
— ^just as the boasted taking of Stalin- 
grad never came to fruition. It will be 
our diplomats who will direct the signing 
of the peace from Washington! Until 
then we will be prepared to protect not 
only the Capital but every other American 
city and critical installation from dive- 


minded enemy pilots — protect them with 
barrage balloons and with every other 
modern weapon and vehicle of offense and 
defense that is available. 

• • • 

WAR PRISONERS 
Study and TMeh Seitnet 
Babind Barbtd-Wlrt 

M ANY outstanding scientists, as well 
as former teachers of scientific subjects in 
universities, colleges, and schools, arc 
now in the war prison camps of the 
belligerent nations, ac<iording to Dr. 
Darius Davis of the War Prisoners Aid 
of the Y.M.CA. 

Such gifted prisoners help themselves 
and their fellows to endure the tedium of 
life behind barbed-wire by acting as 
teachers of scientific subjects in the edu- 
cational programs for prisoners, stimulat- 
ed and guided by the War Prisoners Aid 
of the “Y.” Some of the prisoner-teachers 
have even written their own texts. 

“Science holds an important place in 
the curriculum of this strange prisoner 
university, with branches in the war 
prison camps of almost all of the belli- 
gerents,” says Dr. Davis. “British prison- 
ers in Germany alone have requested more 
than 420 university courses! The aim of 
the program is not only to prevent despair 
and deterioration in men penned-up and 
idle, but alsp to preserve for the post-war 
world the wealth of scientific attainment 
in today's prison camps.” 
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Sugar, A 'Ghemically-Pure' Food 

Highly Technical Industrial Processes, Plus Efficient 
Operation of Plants, Produce Beet Sugar at Low Cost 


ROY H. COTTRELL 

Vke Pretident ond Oeneral Superintendent, 
Amolgomoted Sugor Compony 

S Ul.AR has always been a low-price 
food, and is even today. Yet sugar, 
whether derived from cane or beets, 
requires high skills and relatively 
large investment on the farm, as well as 
heavy investment in procc’^sing plants and 
highly technical processing The labora- 
tory alone in a sugar factory requires 
greater investment than the 
total plant required to clean 
navy beans on a large scale, 
for example, although the 
price of dried navy beans at 
any corner grocery is about 
50 percent higher per pound 
than the price of refined sugar. 

Yet beans constitute a crop 
easily raised in a short .season 
with minimum agricultural 
hazard, require almost no 
jirocessing, are non-perishable, 
and need no special handling 
As a matter of fact, no other 
food piodurt, which requires a 
raw' material subject to agri- 
(ultuial hazards as well as 
highly technical piocessing 
and high standards of puiity, 

IS generally sold to the {lublic 
at such a low price as sugar 
'Phis is only one of the as- 
pects of sugar that give it 
new persjiettives against the 
bac'kground of war Long an 
essential part of the diet, sugar 
has now become more than 
ever important in the conser- 
vation of other foods by can- 
ning, and one of its by-prod- 
ucts — molasses — is a raw ma- 
terial for ethyl alcohol, which 
has a wide vaiiety of essential 
war uses. 

The outbreak of the war changed al- 
most overnight the conditions within the 
sugar industry. With the loss of the 
Philippines, the United States was cut 
off from nearly a million tons of sugar 
which i.s normally received from that 
source. Submarine warfare in the Carib- 
bean made shipment from Cuba and 
Puerto Rico hazardous and uncertain. To 
some extent the usual commerce in sugar 
between Hawaii and the mainland was in- 
terrupted. The combination of these cir- 
cumstances made the United States more 
than ever dependent on internal produc- 
tion of sugar. 

The backlog of beet sugar at tjie be- 
ginning of the war may, in large measure, 
be considered a reflection of advance.s 


w hich have been made within the industry 
since World War I. Not only has average 
production doubled within that period, but 
significant improvements have been made 
in the agricultural and industrial tech- 
niques 

Kighty-five beet sugai factories arc 
scattered from Ohio to California, but in 
a true sense they do not manufaiturc 
sugar. Sugar is “manufactured” m plants 
alone, by the process of photosynthesis 
Man Contributes to sugar production only 
to the extent that he devises ever more 


efficient methods of extracting sugar from 
the cells of plants. The sugar of commeice 
is sucrose, a chemical compound having 
the formula C 12 H 22 O 11 , Sugar cane and 
sugar beets store sucrose in relatively 
larger quantities than other plants, and 
for that reason they have become the 
most important sources of commercial 
sugar production. The completely refined 
liroduct from these two sources is identi- 
cal in all respects and may be used in- 
terchangeably for all purposes. 

Although there arc minor variations in 
the details in the processes of extracting 
sugar from beets, in general they consist 
of five major steps: Extraction of sugar 
from the plant tissues in the form of dilute 
juice; purification of the extracted juice; 


concentration of the sugar syrups; crys- 
tallization; and recovery of the crystals 
in final commercial form. 

After the beet roots have been washed 
to remove soil and other foreign matter, 
they are sliced into short, thin strips re- 
sembling shoe-string potatoes and called 
“cossettes.” These cossettes are intro- 
duced into a diffusion battery, which con- 
sists of 14 vertical, cylindrical tanks which 
will hold several tons each. A fairly con- 
centrated solution of sugar in the form 
of beet juice is passed through the fresh 
cossettes, and by a combined action of 
diffusion and osmosis a part of the sugar 
in the cossettes is recovered in the juice 
The juice is drawn off for further treat- 
ment, and the cossettes are treated again 
with a juicc of somewhat lower concen- 
tialion Again the juice takes up a part of 
the sugar m the sliced beets, and the 
juice so obtained is used to treat fresh 
cossettes In this manner the sliced beets 
arc treated with juices of progressively 
lower sugar concentration, and in each 
step the juice gains sugar and the slices 
lose it In the last of 11 .such 
tieatments, water is pas.sed 
thiough the slices. 

When the cossettes have 
been fully subjected to the ex- 
ti action processes, they are 
pumped to silos or to drying 
plants, and eventually are used 
as stock feed. They contain 
about 0 2 percent of sugar, the 
recovery of which would en- 
tail a cost in excess of the 
value of the sugar recovered 
The “raw juice” drawn off 
from the diffu.sion battery, con- 
taining approximately 13 per- 
cent of sugar, is next treated 
to remove the maximum 
amount of non-sugars before 
cry.stallization. The methwl 
universally employed consists 
m rendering the non-sugars in- 
soluble by heat and chemical 
leagents, and in removing the 
resulting precipitate by filtra- 
tion. The c.xtcnt to which the 
non-sugars are eliminated de- 
termines the amount of sugar 
which can be recovered by 
crystallization. 

The temperature of the raw 
juice IS first raised to 85 de- 
grees, Centigrade, and is then 
pumped to the “first carbona- 
tion statuui.” Heie milk of 
lime is added to the juice, the mixtuie 
is agitated, and carlxjii dioxide bubbled 
through It '\s CaO and CQ 2 react to 
form CaCOs a floe is formed which oc- 
cludes suspended solids. The addition of 
carlxMi dioxide is continued until a defi- 
nite floe appears, or until a predetermined 
level of alkalinity is reached. The juice 
is then passed through heaters and subse- 
quently filtered. 

The resulting juice is amber-colored 
and sparkling clear, having lost more than 
a third of its organic non-sugars during 
filtration. The organic non-sugars thu^ 
removed foim a part of the filter cake 
w'hich is washed with hot water to free it 
of juice and discarded as waste. The 
wash-water, known as “sweet w'ater,” is 



“Worm's eye” view of sugor beets reody for harvesting 
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used in the preparation of nnlk of lime 
and the sugar it contains is ultimately 
recovered. 

After a second carbonation and filtra- 
tion, the juice is pumped through a heater 
to the top of a tower in which it trickles 
down over baffles. Sulfur dioxide gas is 
introduced at the bottom of tlic tower and 
spent gases are drawn tiff at the top 
Sulfur dioxide serves to lower the alka- 
linity, reduce the viscosity, partially 
bleach the juice, and kill bacteria 
The juice is then filtered once more 
It is now a light, straw-colored liquid 
of about 12.0 percent concentration of 
sugar, and about 13 5 percent total solids, 
including sugar. 

C oncentration is accomplished in two 
operations. A preliminary coiieentra- 
tion takes place in multiple-effect evapor- 
ators, followed hy further Lonccntration 
in the vacuum pan. Operation of the 
evaporators is entirely a mechanical proc- 
ess and will be discussed in connection 
with a description of fuel economy 
methods later in this article. 

After leaving the evaporators the syrup, 
now having a concentration of about 65 
percent sugar, is heated, blended with 
melted low-grade sugars and syrups fiuin 
subsequent processes, and filtered. It is 
then drawn into the vacuum pan and 
boiled until suiiersaturation occurs and 
seed crystals appear. Samples are drawn 
from the pan frequently and examined 
by the operator to determine concentration 
and the number and size of crystals. 

When a sufficient number of these seed 
crystals has ai>pearc‘(l the oiierator reduces 
the degree of supersaturation hy raising 
the temperature and by the addition of 
unsaturated syrup From that 
point forward, the operator 
adds syrup at a rate which 
will maintain the appropri- 
ate degree of supersaturation 
Seed ciystals previously 
formed grow under these 
conditions, but no new crys- 
tals are formed. The operator 
must be able to judge the 
point at which no more seed 
crystals will be formed in 
order that the crystals will 
be of a desired size when the 
pan is full. The process of 
“boiling” requires the high- 
est skill of any operation in 
the factory. 

Once the vacuum pan is 
filled and the sugar crystals 
have reached the proper size, 
the contents aie dropped into 
a jacketed, heated mixer lo- 
cated directly above centrifu- 
gals. The mixture of crystals 
and syrup is called “masse- 
cuite” or “filmass” — terms 
borrowed from the PVench 
and German. 

The massccuite is next in- 
troduced into a centrifugal 
The basket of the centrifugal 
is perforated, and lined with 
a brass screen having per- 
forations so small that sugar 
crystals cannot pass through 
them. 


When sugor beets enter o factory, 
they are first thoroughly washed, after 
which they are lifted by revolving 
paddles to o “roller picking toble,” 
s^own above, where jets of woter 
remove any remaining foreign matter 


A typical sulfur station in a sugar- 
beet foctory, where the extracted 
juice is treated with sulfur dioxide 


With the tcntnfugal in motion, syrup 
is forced thiough the screen and basket 
walls and euapes into storage tanks. 
Sugar crystals are letained around the 
basket lining. There, w'hilc tlic machine is 
m full sjieed, the sugar is washed with 
hot, distilled water to remove adhering 
syrup. On further spinning the sugar 
is di ied to about 1 0 percent moisture 
content. From the centrifugal the sugar is 
passed through a drier, m which the mois- 
ture C()nt(‘nt IS reduc ed to 0 025 jiercent, 
and the sugai is leady for packaging and 
delivery to market 

S n.Au for household use must meet 
ratliei simple, easily attained standards 
of purity, sanitation, size of crystal, and 
jiackaging On the other hand, certain in- 
dustries such as baking, confectioneries, 
piesetving, canning, and soft drink manu- 
facturing, have developed such highly 
technical procediiies that the sugar used 
must meet exacting specifications Since a 
beet sugar processor operates for a rela- 
tively short season of the year, he cannot 
anticipate his sales with an accuracy that 
will permit him to set aside particular lots 
of sugai for particular buyers. He must, 
therefore, maintain high technical stand- 
ards for his total production. 

Except for highly specialized use. the 
following specifications are typical of re- 
fined sugars offered in the general mar- 
ket . 

Moisture 0 025 percent 

Mineral Ash 0.009 ” 

Sulpliates l.ess than 5 parts 

per million 

Organic non- Trace 

sugars 

In addition, a syrup formed w^hen sugar 
is dissolved in distilled water in 50 per- 
cent solution must be water-white and 
free of turbidity. It must not show ap- 
preciable turbidity upon addition of ethyl 
alcohol. 

It will be evident to the chemist that 
commercial refined sugar is more highly 
refined than many laboratory reagents 
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Vocuum pans for concentration of bcct>sugar juice 


giadcfl ‘Vhctnically ])iirc,” and in acldition 
it must nu'ct the Ijinlogical st.indaids of a 
pure food. 

How IS It that a “Llienncally pure” prod- 
uct can be placed on tlie niatkct at the 
current pnees for sugar ^ The answer lies 
in part in the technical efhtiencies and 
economies practiced m sugar manufactiue, 
among which the control of fuel may he 
cited as an illustration. 

Tn a typical factory, inilveri/ed coal of 
about 12,300 liTU is binned in two 
boilers At mavimum load each boiki 
generates 100,000 pounds of st(*am an houi 
at 200 pounds pressure l^tbcient genera- 
tion of steam recjuires this pressure, but 
since the pressure is tex) high foi safe use 
m the maniifactui mg piocess, it is put 
through turbogenerators, and the exhaust 
at 22 pounds is used in the piocess As a 
result, sufficient power to operate the 300 
motors in the plant is obtained as a b>- 
pioduct of the pressuie i eduction In fact, 
an excess of power could be generated 
since some live steam is added to the ex- 
haust to furnish sufficient process steam 

The exhaust goes directly to the first 
effect of a cjuintuple-effec t evaiiorator 
system Vapor removed m the hist effect 
IS used as steam in the steam-chest of the 
second, vapor from the second is used in 
the steam-chest of the third; and so on 
until the va|)or from the last effect is 
passed to the condenser Ml non-conden- 
sible gases are removed from the con- 
denser by a vacuum pump The tcmiiera- 
ture difference between the exhaust steam 
in the first effect and the boiling tenijiera- 
ture of the juice in the last effect may 
appioximate 70 degrees, Centigrade Di- 
vided between the five effects it is suf- 
ficient to insure a r' ’ rate of heat trans- 
fer through the wa. d the tubes. 

As a result of tins system the live 
.steam first furnishes power, then it is 
used five times over in evaporation But 
this is not all. Vapor from the first thiee 
effects is also used for the juice heaters 
and vacuum jiaiis. 'fhe heat remaining m 


llic‘ condensate from all effects and the 
p.ms is p.nti.dly reeo\eicd bv using tbe 
watei f<u boikr feed water, for wa^bing 
press cake, and for other piocess pu? poses 
It IS pine, distillcxl water. The cvajiorators 
111 a niccliuni-si/e plant remove in excess 
of 100 tolls of water eveiy hour for 24 
hour'' a da> Fffu'icnt combustion of coal 
111 the boilcM* lurnaces, a high boiler ef- 
ficiency, and ec'onotnie use of the steam 
gc'iieratc'd, n.sult m major fuel economies 
Where bumcily it icxinncd as high as 
160 pounds of coal to produce a pound 
oi ic lined sugai onlv 60 oi less aie now' 
reciuired Since a jilant of this si/c pro- 
duces 360 tons of lefmed sugar pc'i* (la\. 
the saving in coal is a substantial amount 
In lecent yeais similar altboiigli less 
speitaculai '..ivings have been made in tbe 
use of otbei operating supplies, all leading 
to the low sale pi ice of sugar to the* 
c onsnmer. 

• • • 

DIE PRODUCTION 
By New Method Reduces 
Time and Labor Requiroments 

LakciL-scai L manufacture of “tcmi)late 
dies” foi tbe aircraft and similar indus- 
tries, as well as fixtuics, will, bv new 
produrtioii methods, save 3/4 of the lime 
iccpiircd to juoduce tbe dies while reduc- 
ing die cost 65 percent 1 lunch eds of in- 
dividual dies have alieady been producc'd 
by Algonia Products for the airciaft 
industry as a result of a preliminary 
announcement of this new development 
to a few aircraft manufacturers 

In view of the fact that it is necessarv 
for tbe airciaft industry to continuously 
modify designs of aircraft as battle ex- 
perience is gamed, it has become par- 
ticularly vital that such changes shall be 
effected in the mmiinuni of time. In the 
past, It has taken a long time to prepare 
die designs and prcxluce the new dies 


required before a change can he put into 
effect It IS claimed that with .Mgoiiia 
template dies and the productum process 
which has been evolved, it ajipcars possi- 
ble to do in a few hours what noiinally 
requires weeks, even months. 'I'he new 
dies eliminate entirely the necessity for 
separate die design and do not require 
highly specialized production equijimeni 
Mui cover, the process has bec'ii laid out 
in such a manner that large mimheis ol 
die makers aie not required. Much of the 
production can be handled by mechanics 
with only noinial skill in the operation 
oi specific tyjies of conventional machine 
tools. 

ODOR PROBLEMS 
Present a Challenge to 
Industrial Chemists 

The idea of a iinivc^rsal deodorant which 
would, by physical or clieniical action 
upon any odorous substance, completely 
destroy it and thus do away with its odor, 
without mil »)dii( ing any odor of its own, 
lias been proposed from tune to time by 
ambitious inventors, but so far it is still 
just an idea 

When all of the usual appioacbes to a 
deodoii/ing problem fail --and they do 
tiecpiently- the’ art of “odor neutrali/a- 
tion,” which is a biancli of pet fuinery, may 
help \\ bile by no means universally ap- 
lilicahle, this method utilizes the offending 
odoi as a Constituent of a ‘‘bouquet”— as 
it wc’ic’ -of various aromatic substances, 
so that the olTc tiding odoi is iransformed 
to a pleasant or even a neutral one with- 
out an> need of “coveting it up” by sheci 
hiiitc force an ov ei w helming stronger 
odoi 

rile “odoi IK uti ali/.ition” mc^thod has 
been \ciy successfully applied in a large 
number of industrial mslanees, such as 
the iiilihei, textile, glue, and paint indus- 
tiies, to mention a few The selection of 
llie coirect deodorizer oi “leodoii/ei” is a 
liighly specialized job- there is no such 
thing as a universal deodorant in this 
line, eitliei 'Die laboratories of (iivaiiclan 
have solved a niimher of sueh problems 
which are today making many articles of 
Commerce more acceptable to the jiuhlie 
Isnally the “eleodonzed” arlieles are 
reiideied ahiK^st neiiti'al, thus causing lit- 
tle ctaiimeiit among the public But the 
initialed know and appreciate the value 
of thc•^e deodorants sinee they have seen 
their vales go up after they were used 
I'he ])iul)lem of neutralization or i*e- 
odoiization is a paitieiilarly acute one 
today for the s>ntlietic rubber industry 

MICA REPLACEMENT 
New Synthetic Has Great 
Possibilities In Elaotronios 

SERIOUS shortage of our strategic 
mica leseive, now laigcly imported from 
India by cargo plane.^, has opened enor- 
mous possibilities for the use of a new 
synthetic in electrical condenser-devel- 
opment work for electremic apparatus 
having \rmy and Navy applications 

The new synthetic plastic, “Polectron,” 
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achieves miporUiicc in two ways — first, 
as a primary substance materially re- 
(Imini; the drain on oiii domestic and 
imported strategic mica stock pile ; sec- 
ond, as a dielectric material possessing 
controlled properties having wider appli- 
cations than mica. 

1'he I orni^osition and pHnlnction of 
“Polectron” synthetic must remain a 
military secret until after the war. It 
will he made available to the electronic 
industry, thus releasing mica to other 
Uses for whuh no substitute has yet 
been found. 

As a part of its expanded research and 
development program, General Aniline 
and Film Coiporation developed Polec- 
tron synthetic in a remarkably short 
period of time This re<|uired by-passing 
intermediate steps normally taken in 
peace times between laboratory and plant 
production Omission t»f these steps may 
bring unforeseen problems and even de- 
lay in plant operation. However, jiriori- 
ties were granted for the immediate 
prcKluction of Polectron synthetic based 
upon the following considerations It will 
save strategic mica and thus reduce the 
present drain on the imported stock pile 
'I'lie continued availability of sufficient 
block mica, transpoited to the United 
States by cargo plane, is uncertain. It is 
estimated that one ton of “Polectron" 
fabricated into mica replacement mate- 
rial will replace from 10 to 15 tons of 
imported block mica, according to its use. 
“Polectron” can be used in the production 
of electronic apparatus without material 
changes in eciuipment or methods of man- 
ufacture. 

Polectron synthetic is now undergoing 
further experimentation, pointing toward 
the solution of major electronic jiroh- 
lems important to the war effoit. 

WAR ON ACCIDENTS 
Turns Attsntion to Industrial 
Safsty Shields 

^Vmfruan w<nkers are becoming more 
and more safety conscious 'fhat’s not new 
news, but it’s g(M)d news for the pro- 
duction front More than 42,000 war 
workers lost their lives the year after 
Pearl Harbor because woikers chose to 
risk a particle in the eye rather than 
wear safety goggles, or iireferred to 
take a chance on burns ami broken fingers 
rather than bother with jiroteclive “ga»l- 
gets ” The score that year must have 
pleased certain gentlemen in Km ope and 
Japan, but it was a mighty sore point ovei 
here To pull the accident rate out of tins 
rnt, the National Safety Council early 
in the war launched an all-out diive to 
make workers more aware of the im- 
portance of being earnest alxuit safety 
devices. Results have been good. In one 
plant, eyc-mj lines — which formerly ac- 
counted for 32 percent of medical treat- 
ment cases — dropped to half in five 
months. In all plants workers have be- 
come so safety conscious they not only 
willingly co-operate in the use of devices 
available, but also spend time dreaming 
np some of their own. 

One of the -favoiite materials from 
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which woikcis now cook up safely de- 
vices is a transparent plastic, scraps of 
which are often left over from the Plexi- 
glas bomber “noses,” gun “blisters,” and 
other enclosures made in aviation plants. 
This material has virtually perfect trans- 
paiency and high impact strength, but 
equally iniiKirtant is the fact that shields 
are made simply by heating Plexiglas 
sheet.s a little hotter than l>oiling water, 
uMiling over a form, and trimming to 
si/e with ordinary saws. 

Beech Aircraft workers, to protect 
themselves from flying tacks in making 



. Sofety shield prevents accidents 


fuselages, have adopted Plexiglas face 
shields ; Consolidated has workeil up 
transparent Plexiglas skirts for drill 
presses ; Bell Aircraft’s electrical de- 
partment places transparent Plexiglas 
shields over soldering pots to prevent 
spattering of molten metal; at Republic, 
tough, transparent saw-shields protect 
workers from metallic particles; at Mc- 
Clellan Field, Plexiglas workers have 
devisee! safety gadgets ranging fioin 
Plexiglas ear plugs to machine shields 

LACTIC ACID 

Makes Sour Milk Sour, Has Many 
Naw Industrial Uses 

Lac lie acid is a substance that people 
have known by taste fot thousands of 
years, but it is only recently that it has 
been thought of as anything more than 
the compound that makes sour milk sour. 
It can he made very easily and clieaply 
freirn whey or other sugar-containing 
agricultural by-products, and recent le- 
search has made possible new and exten- 
sive industrial uses for lactic acid 

Because of the unusual structure of this 
acid, it may l>c converted into seveial 
interesting series of products. The acry- 
lates, which belong to one of these fami- 
lies of compounds, have the property of 
hirming flexible, tough, transparent sub- 
stances that can be used as flexible glass 
or for impregnating material in moisture- 
proof clothing and packaging. One acry- 
late produced in the laboratories of the 
United States Bureau of Dairy Industry 
is a combination of lactic acid from milk 
and a compound from oats, thus com- 
bining by-products of two agricultural 
crops. 

When water is removeil from lactic 


acid, Its molecules join in long chains that 
no longer possess the chemical activities 
of the simple acid. This .so-called polymer- 
ized lactic acid is a resin that can be used 
in making lacquers and protective coat- 
ings for metal containers such as the 
cans used in transporting rnilk and those 
used in canning evaporated milk, vege- 
tables, and similar products, 'i'hus it may 
1)C substituted in some instances for 
metal coatings now on the restricted list. 
It may also be used as a glue in laminat- 
ing w(K>d and paper. 

Lactic acid esters are particularly efli- 
cient solvents for many industrial lacqiici 
resins. The slight tendency of these esters 
to form free lactic acid has prevented 
their very extensive use as solvents That 
fault is l)eing overctmie in research now 
under way. 

RUBBER SUBSTITUTE 
Contith of Flit Oootod 
With Synthotloo 

Strips or die-cut pads made of a new 
sealing material are being used in place 
of priority-dominated rulibcr niateiials 
which were formerly used for the same 
purposes. The substitute consists of felt 
coatt'd with a layer of any one of several 
different synthetic rubbers aciording l«» 
the ultimate purposes The lesulting cush- 
ioning characteristics are similar to those 
of the oMginal felt, yet the coating elimi- 
nates the absorption charactenstii s of 
untreated felt. 

PLASTIC PRINTIND PLATES 
Sivo Nofdod Mofalt, Art 
Light in Weight 

Pi.ASTTC lithographic printing plate, 
which saves from three to eight times its 
weight in critical aluminum and zinc, is 
being manufactured by The Plastolith 
Company from polyvinyl alcohol resin 
made by Du Font 

Colored maps and other military d<K’n- 
ments for the Army are made from plas- 
tic plates, and they even are used by the 
Army’s mobile field printing units They 
give approximately the same niimhcr of 
impressions as metal plates and carry 
alxjut 25 percent more ink without smudg- 
ing 

Polyvinyl alcohol first was loated on 
/me to improve that metal’s pimting 
qualities by allowing it to carry addi- 
tional ink and reducing or eliminating 
its grain. It developed that the attiial 
printing w^as from the plastic, and that 
any base would be the equal of /me ami 
aluminum, needed in the manufacture of 
shell cases and airplanes. 

The plastic now is not only the piint- 
ing surface but also is incorporated in 
paper used as a base. It gives the 
liaper required strength and stability, and 
readies it for a water-proof coating of 
another resin. Two sheets thus prepared 
are laminated to form the base, and the 
printing surface is made with a coating 
of polyvinyl alcohol. 

Creation of the printing image is the 
same as with metal plates. Polyvinyl 
alcohol is sensitized with bichromate of 
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ammonia. It' is exiKiscd to light, treated 
with the developing ink, developed in 
water, etched, and placed on the press 

Plastic plates used in lithographic du- 
plicating printing weigh about one ounce, 
and a similar metal plate is four times 
heavier. For larger presses, a plastic 
plate 25yj by 36 inches weighs under 10 
ounces and a /me plate 4' j pounds. Thus 
there are large savings of space and ex- 
pense m shipping and storage. 

Although the Army and gtivcrnmcnt 
take all production now, it is hoped that 
some plates soon will be available for the 
3000 lommercial lithographers who arc 
short of zinc and aluminum To date these 
plates have not been used in printing 
newspapers. 

VERSATILE GYPSUM 
Finds Applieations in Ntw 
Wallboards and Roofs 

New oyi'shm products developed to meet 
the immediate demands of wartime con- 
struction replace more critical materials, 
such as steel and lumber, in both tempor- 
ary and permanent structures, according 
to Henry W Collins, vice-president of the 
Celotex Corporation WPB is advocating 
the use of such gypsum products in place 
of less available materials 

The products include a new gypsum ex- 
terior siding covered either with smooth 
or mineral surfaced roofing; laminated 
gypsum wallboard panels suitable for de- 
mountable or permanent single-wall inte- 
rior partitions , laminated gypsum roof 
deck slabs, and poured gypsum icKjf decks 
for use with wood frame construction 

The exterior wallboards supply both 
stnutural and weather protection needs 
for many “Theater of Operations” build- 
ings such as barracks, warehouses, recre- 
ation centers, and repair shops The prod- 
iKts also are applicable to war workers’ 
homes, dormitories, and industrial build- 
ings They are available in K’-inih and 
I-iikIi thicknesses finished either with 
smooth or mineial surfaced roll roofing. 
I'hc 1-inch thickness is a two-ply, lami- 
nated product with shiplap joints along 
the long edges. The K’-inch thickness has 
square edges. Si/cs are 2 feet by 8, 9, or 
10 feet 

Interior wallboard panels are made in 
1-inch, H^-inch and 2-inch thicknesses by 
laminating two, three, or four layers of 
gypsum walllxiard. Three types of de- 
mountable partitions employing these lam- 
inated gypsum panels have been worked 
out by Celotex. Two are studless, non- 
load-bearing partitions, one of which 
eliminates battens at the joints. The third 
is a load-bearing partition, which may 
also be used for low partitions in high- 
ceiling rooms Because of their large size 
— 4 feet wide by 6 to 12 feet long — the 
panels can be erected easily and rapidly. 

1 he Celotex gypsum slab is an im- 
proved rigid type of roof deck plank. It 
may be used to replace wood plank or 
other types of unit roof desk construction. 
The slabs are made by laminating to- 
gether two, three, or four thicknesses of 
walllxiard to form an integral unit. The 
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slabs are light in w'eight, the HS-inch 
thickness weighing pounds per square 
foot, and the 2-inch slab Sj.'j pounds Tests 
by an independent, nationally-recogni/ed 
lalK)ratory indicate an ample factor of 
safety for usual roof loads, according to 
Celotex. The slabs also arc fireproof, rot- 
prtxif aiul will not twist oi warp 

Poured gypsum nxjf detk is designed 
for use on any typo of industrial building, 
warehouse, garage, or hangar. It tan he 
used on a flat rcxif, on a steep roof up to 
45 degrees piuh, and for sawUxith and 
monitor construction. It is capable of 
carrying a live load of 35 ])ounds ])cr 
square fo<3t. 

In building the rcxif deck, gypsum wall- 
board is nailed over joists, rafters, or 
tuirlins. On this form is laid wire rein- 
fiircing fabric over which is poured a 
mixture of Celotex gypsum stucco and 
water The stucco consists of 87 per- 
cent of calcined gypsum and 12'/^ percent 
of W'ood fiber or shavings. 'I'he weight 
of the factory mix is 55 pounds per cubic 
fexjt. It is usually applied to a thickness 
of 2'/j or 3 inches, including the gypsum 
wallboard form 

TANK LININGS 

Made of Synthelio Rubbor 

Bondod in Place 

METHOD of bonding solid sheets of 
Koroseal directly to the welded steel, 
wood, or concrete of tanks, and thus 
extending the application of tank linings 
into fields which rubber cannot handle 
because of physical limitations, has re- 
cently been developed. Koroscxil is a 
plasticized polyvinyl chloride which is 
being used m many places where its 
qualities are superior to those of rubber 
It IS a synthetic elastic material with 
many rubber-hke properties 

Principal advantage of Koroseal in 
tank lining is its remarkalde coriusion 
lesistance because of the inertness of its 
I'oinixMinds to strong c'orrosivcs such as 
chromic and nitric acids, which ha\e a 
dcterioiating elTect on rubber 

The B F (ioodnch Ccmipany dec laics 
that the Koroseal linings are the most 
important development now being ofTered 
in the synthetic field Research is con- 
tinuing CXI other applications of the same 
material. 

In annonneing the Koroseal linings ilie 
company points out that the material 
has certain limitations both in tempei aturc 
ranges and effects of various chemicals 
on it, and that it is essential that com- 
pany engineers be furnished ccaiqiletc 
service details before the mateiial can 
be i ecommeiidcd 

Advantages of the lining arc cited as 
follow s • It can be applied in thicknesses 
up to and including vV32 inches It is not 
subject to physical damage and pin hole 
leaks suffered by many corrosion-re- 
sistant paints. It will not, however, with 
stand physical abuse and metallic goug- 
ing. In such service an oversheating of 
acid resistant brick is recommended. It 
is more resistant to abrasion than cor- 
rosion-iesistant paint films. It is reaclily 
repaiied if damaged. It has high electrical 


resistivity and pi events current losses 
in electrolytic action It can be easily 
tested for leaks with an electric tester. 
It is highly resistant to oxidation, water, 
sunlight, and gas diffusion. 

SPECIALTY RUBBER 
OtvtIopMl During Rtstarcb on 
Elootrieal Insulators 

SPEC I An Y rubber which will help 
meet essential war needs has been devel- 
oped by Bell d'elcphone Laboratories as 
a by-pioduct of research in insulating 
materials. This new material, known as 



C S Fuller (right) ond B.S. Biggs, 
chemists of the Bell Telephone Lob- 
orotories, who developed Porocon 


Paracon, looks and feels like ordinary 
rnhher, icscmhles it fairly closely in 
mechanical properties, and has important 
advantages for certain purposes. It has 
a high resistance to damage by oil or 
gasoline It is also better than natural 
rnhher in resistance ro heal, light, and 
osidation although inferbr to natural 
rubber in resistance to steam, alkalies, 
and acids. Paracon can be worked with 
Oldinary rubber machinery. In its raw 
state it is highly plastic and unusually 
well adapted to molding into intricate 
shapes and to use in producing ruhhcri/ed 
fabrics. 

Paracon is particularly useful as a 
material for special applications where, 
as in the aircraft field, its combination 
of unique projicrties is required An 
important advantage of Paracon is that 
it will not compete with other synthetic 
rubbers for its basic raw materials since 
the chemical intermediates requited for 
its ptoducti^»n are derived by other trains 
ol chemical prcx:esses. Inir its synthesis 
it uses two major types of intermediate 
material. These can be detived fiom 
agricultuial products and coal pnxlucls, 
or from coal and petroleum sources, m 
each case by a variety of different chem- 
ical processes. Although the equipment 
for manufacturing Paracon is highly 
specialized, it differs from that required 
for synthetic rubber production ; conse- 
quently, Paracon can add to the present 
supply of rubber substitutes without in- 
terfering with the production of those 
already under way. 
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WHAT'S AHEAD FOR RAILROADS? 

M ORE than lialf of the passt-ngtT lars uii American railioads 
today are over 25 years old, almost half of the freight lars 
are over 20 years old ; the number of locomotives m service has 
steadily declined for several years This is the picture of the 
present, and it presages a trend in American railroading that 
will zoom sharply when the necessary shacKdes of waitime 
lestrictions are removed. 

Fortunately, for the railroads, the Interstate (.ommerce Com- 
mission has recognized the fact that the roads cannot replace 
ecjuipment when such great demands are being placed on raw 
materials by the needs of war Thus the Commission has granted 
to the railroads permission to allocate funds for maintenance, 
even though the money is not spent until after the war. 'I'his 
IS only common sense, wlien the woiU that the railroads are 
doing in the war effort is taken into consideration And it is 
applied common sense that will have a far-reaching cdcct on 
many industries after the wai is over. 

Through more efficient use of equipment, quicker tnin 
arounds, higher .speeds, and heavier loadings, the railroads 
have been able to carry their full share of the w'aitime bin den 
Equipment does wear out, however, and e\en faster undei 
stress. Thus, although constant repairs are keeping as much 
rolling stock in service as possible, post-wai times will see a 
great demand on supiilicrs of railroad ecpiipment. When this 
time comes, many heavy industries will he kept busy fot a 
long time furnishing the railroads with new material in the 
form of improved rolling stock that will be lighter, faster, iimrc. 
efficient than heretofore 

UNDERGROUND ''BUILDINGS" 

Based upon sound engineeiing principles is the pioposal 
tcj locate a commercial air base* in the lock of the l^ahsades, 
across the Hudson River fn»m New ^^»rk (hty Here could be 
excavated huge caverns of relatively constant temperatuie that 
would contain hangar rooms, garages, restaurants, offices, wait- 
ing rooms, and so on The material excavated would be dumpc*d 
into the river to jirovide the ncce‘'Sary base for landing tielcK 
and ship docks 

This scheme has little of the fantastic linked with it The 
facilities — compressed air drills, diill steel, dynamite, power 
shovels, trucks — are available The construction of such an an 
base would bring to New York a close-in port without using 
land that would be valuable for other purposes If started 
now it would provide ideal ait -raid shelter facilities After 
the war it w’oulcl be one more advantage to the air-borne com- 
merce that is bound to come 

There are many other locations in the country wheie similar 
projects would be advantageous and feasible Perhaps here is 
a trend in engineering and aviation that someday, through 
someone’s foresight, will mark the beginnings of a step for- 
ward 111 overcoming some of the difficulties that aircratt are 
heir to in their recpiiromcnts for landing and storage sjjace 

Parenthetically, it should be noted here that there have 
been persistent rumors eff similarly constructed aiipoits in 
iairope. (.oncealed for militar> purposes 

THE FEMALE INFLUENCE 

P osT-WAR problems must, of necessity, creep constantly into 
this page. A recent one, and one that cannot be overlooked by 
those who are most concerned with consumer markets in 
after-thc-vvar days, is the increased influence that women ate 
going to have in the purchase of many products pertaining to 
the everyday lives of average citizens There ’are millions of 


women who, drawn from all walks of life including the 
housewife, are today performing work in industry. These women 
are getting the feel of the mechanical. They arc finding some 
of the advantages that accrue from the use of automatic 
machines, advantages that, their well-known intuition will tell 
them, can he translated into terms of easier work in the home. 

Thus the woman who has been running an automatic machine 
in an ait -conditionc*d factoiy is not going to be satisfied, in 
post-war days, to go hack to the drudgery of the broom, the 
coal shovel, and the washboard .Sbe is going to demand, and 
rightly, too, the same conveniences m her home that sbe had 
in the factory Faced with such a fact, the appliance manu- 
factuier who ignores the feminine influence in the future, or 
who dejirecatcs its importance in the buying field, is going 
to find that be has missed tlie significance of an important 
trend in liis field 

RADIO-ELECTRONICS 

In siiAi'isji, the tiends of tlu* i datively new science of radio- 
clectronics, we can dr> no bctti i than to quote from a recent 
statement by David Sainoff, president of RCA. “When peace 
shall have conic,” says Mr Sainoff, “radio promises to elec- 
tronizc the industries of peace as it has clectronized instru- 
ments and industries of war I^adio instruments will emerge 
from the wai almost human in then* capabilities. 'J'bey will 
possess not only a sense of direction, but a sense of direction 
that will open new avenues of service The radio direction finder, 
wliicli heretofore bad only an ear, now also has an eye 
Anierican inventive gc*nius contt ibutcxl much to the creation 
and ]>erfeclion of the gieat offensive and defensive weapon 
known in the United States as Radai Pbe word means radio 
detecting and ranging. . . 

“Although we must first serve the present — lest there be no 
future- it IS our dutv,” says Mr Sarnoff, “to look beyond the 
boi 17011 of war to survey oiii task in helping radio to meet its 
post-wai responsibilities “ 

YOU, TOO, CAN FLY 

|r TiiFRK is one development of tlie present war that has caught 
the public imagination it is aviation And, witbcMit doubt, this 
same development is going to bc‘cnrne a commonplace m the 
lives of many during peace-times I'o this' end there is contin- 
niiig lesearcb on the devc'lo])inent of the small airplane that 
will have present applications in the emergency of the day as 
well as implications bu the future* 

It IS not surprising, then, that plane nianufac.turers have at 
least ])art of an ewe fixed on the future, and that they are 
jilanning for the day when the average American will yearn 
for a ship that will cany him through the air with the same 
coinfoit and convenience and safety that his present motor 
car cariies him over the earth-bound road A recent prospectus 
from a light-plane manufacturer says — and the statements are 
linkc’d definitely with present aviation progress — “The depend- 
able, easy-to-fly airplane has brought the fun of flying within 
the leach of everyone You don’t have to he a superman to fly 
one of these ships, for they can be flown by anyone in average 
good health who is capable of exercising normal judgment” 

WINDOWLESS WALLS 

T HERE are several large factory buildings in the United States 
today which have been constructed without windows, depend- 
ing entirely upon man-made air conditioning and illumination 
for the factors that influence human comfort and working 
ability In one rcccntlv constructed jdant of this nature, the 
walls, of hiick, arc designed to “breathe,” thus preventing 
condensation of moisture and keeimig the walls dry, important 
factors in completely closed buildings The “breathing” is made 
possible by construction methods that form a tile flue in the 
walls, thus not only admitting air but also contributing to the 
insulating value of the w^all as a whole. 

Since the windowless factory is a relatively new development 
in huilding design, such work as this will have important 
implications on future construction. 

— A. V, "pjttk 
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Ultra-Violet— Near, Middle, Far 

Many Industrial and Personal Uses Are Being Made of 
the Phenomena Surrounding these Radiations 


LAWRENCE C. PORTER 

Engineering Department. General Electric 
company, Nela Park 

T he ADVFRTisiNr. sections of current 
publications show that there is quite 
a variety of so-called sun latups vary- 
ing in cost from about $3 50 t(^ ap- 
proximately $100 for home use, and up to 
several bundled dollars for physicians’ 
and hospital type units Most of these arc 
sources of ultra-violet radiation of one 
kind or another Some are of value in 
maintaining health, some are paiticularly 
suited for treating disease, and some are 
of little or no value for cither purpose 
though they may he useful m other fields 
for stimulating cei tain luminescent mate- 
rials and causing them to glow in the 
dark 

The selection of the proper lamp for 
any specific purpose without kufiw'ledge 
of the physics of radiation is difficult It 
IS complicated because there are ultra- 
violet lamps that produce reddening of the 
skin — thus giving the appearance of ordi- 
nary sunburn — and therefore are assumed 
to he of health benefit similar to summer 
sunshine, hut which actually may even he 
detrimental to that purpose The piohlem 
IS further complicated by the fact that 
many artificial sources of ultra-violet emit 
a combination of several forms of ultra- 
violet radiation. 

If a large boulder is rolled into a j)oud 
of still water it will cause a big splasli 
and set up several large waves, separated 
by perhajis several feet, that chase each 
other across the pond, d'hese might he 
represented as at A m the central drawing 
on this page If instead of the large 
boulder we throw into the iiond a good 
size rock, similar waves are set up hut 
they will he smaller and closer together, 
as represented at B Now suppose wc drop 
a little pebble into the water. Still smaller 
and less widely soparate<l waves arc set 
up, represented at C All three of these 
illustrations are water waves, hut of dif- 
ferent wavelength, that is, distance from 
the crest of one wave to the crest of the 
next, as indicated by D. 

This is a very simple analogy to ultia- 


of an inch foi near ultra-violet, and 
0000118 of an inch for middle ultra- 
violet, to 0000101 of an inch for far ul- 
tia-violet 

As a matter of convenience, such very 
short w'aves are mc*asurc‘d not in inches 
but in what are known as Angstiom Units, 
variously abbreviated as “A U ”, “A®”, or 
“X” One X ecpials 000000004, or 

IsoToWm) 

ultra-violet waves center at 3660X, the 
middle at 20O7X, and the fai ultra-violet 
at 2537X. 

Soul CCS emitting any of the above 
wavelengths also emit both longer and 


f.-D— I 


K-DH 



Wavelength, indicated by D, deter- 
mines the characteristics of radiations 


shortci waves than the central ones At 
just what wavelengths the ultia-violet 
passes fiom nc>ar to middle to far is not 
a definite figure In general, however, near 
ultr.i-violet IS usually coiisideied to cover 
the lange from 4000X to 3200X ; middle 
ultra-violet fioin 3200X to 2800X , and 
the far ultra-violet from 2800X to 2000X. 
'riiere arc ultra-violet waves shorter than 
2000X but tliey are lapidly absorbed by 
air and can, therefore, for most purposes, 
be ihsregarded. 

The sun emits ultra-violet ovei the en- 
tile range but the layer of ozone above 
the earth absorbs jiractically eveiythmg 
shoiter than 29()()X, and ordinary window 
glass tiansmits veiy little if any radiation 
shorter than 3200X 


As a matter of general interest the 
ultra-violet waves form a very small por- 
tion of the entire electro-magnetic spec- 
trum. This entire, spectrum contains waves 
of infinitely short lengths to waves that 
are a mile or more in length. The relative 
position of the ultra-violet weaves in the 
spectrum is sh<n\n by the following tabu- 
lation : 

Cosmic wavCvS — extremely short 
Gamma waves 
X-ray waves 
Ultra-violet weaves 
Visible light waves 
Infra-red waves 
Radio waves — v'cry long 
Without going into the physics of the 
generation of ultra-violet radiation by ar- 
tificial sources, it is sufficient to say that 
the passage of electricity betw^een two 
pieces of carbon, as in the carbon arc 
lamp, or through mercury vapor in a 
quartz tube, as in the modern sunlamp, 
generates ultra-violet radiation over the 
entire range of wavelengths from the near 
to the far ultra-violet. For the purpose 
of study — measurements of the relative 
amounts of energy of different wave- 
lengths and experimental work on the 
effects of various wavi lengths — they can 
be separated by passing them through a 
quartz prism. The effect of a quartz prism 
on ultra-violet is similar to that of a 
glass pi ism on visible light We all know 
that a glass prism placed in a beam of 
sunlight will break up the beam into the 
different colors of the spectrum. The vari- 
ous colors arc produced simply by a dif- 
feience in wavelengths. Similarly, what 
differentiates near, middle and far ultra- 
\iolet is wavelength. A quartz prism 
separates the various ultra-violet waves as 
a glass prism separates the various waves 
of visii)le light. 

I T WHi r. be noticed that a quartz prism 
is used for ultra-violet and a glass one 
for visible light. Ordinal y glass will trans- 
mit very little of the middle ultra-violet 
and none of the far. There are, however, 
( ertain special glasses, in composition ami 
hardness between ordinary wdndow glass 
and quart/, that do tiansmit ultra- 
violet of the shorter wavelengths. By se- 
lecting the proper type of glass we can 
select the radiation wavelengths or kind 
of ultra violet we wisli to use and screen 
off that w'hich we do not desire The mod- 
ern sunlamp designed for health purposes 
has a bulb of one of these special glasses 
surrounding the small quartz-tube mer- 
cury aic whuh generates the ultra-violet 
The (...miiosition of the glass is such that 
It transmits readily the middle ultra- 
violet, or so-ralled “health rays,” and 


violet radiation, which also consists of 
waves, but instead of travelling across 
the surface of water they travel through 
air. They, too, arc of different wave- 
length. The longer ultra-violet waves are 
known as near ultra-violet, the medium 
ones as middle ultra-violet, and the 
shorter ones as far ultra-violet. Actually 
their wavelengths, instead of being meas- 
ured in feet or inches, as with water 
waves, are a very small fraction of an 
inch, varying from approximately .0000147 
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Just as 0 gloss prism, right, splits up visible light, so will o quortz prism seporote 
ultra-violet into the wovelengths thot distinguish its different components, ot left 
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SCI ceils out the far ultra-violet which is of 
no known health value (other than the 
treatment of disease and the killing of 
germs) and is injurious to the eyes. 

Of the principal uses of near, middle, 
and far ultra-violet, probably the most 
commonly known use is the effect of near 
ultra-violet on the photographic film and 
plate. It IS the near ultra-violet in day- 



Middle ultra-violet, supplied by 
ceiling-hung lamps, stimulates co- 
lesterol in the skin to create vita- 
man D to produce strong bones and 
to prevent or cure coses of rickets 

light that is used in taking pictures For- 
tunately, the near ultra-violet is readily 
transmitted b> the glass of our windows, 
camera lenses, and so on 

Another application of near ultra-violet 
w'hich has been nsed for display purposes 
and the production of theatrical effects 
for years — and is now being used to some 
extent for signs, markers, guide lines, and 
so on, during blackouts — is the stimulation 
or charging of certain chemicals so that 
they start and continue to glow in the 
dark That phenomenon is known as phos- 
phorescence There are other substances 
that glow only while they are being ac- 
tivated by near ultra-violet That is known 
as fluoiescence When the visible light 
is filtered out of sources of near ultra- 
\i()let by means of certain black near-ul- 
tra-violet transmitting glasses, a resulting 
radiation is obtained which is popularly 
termed “black light ” 

Of the many photo-chemical and photo- 
graphic effects of the near ultra-violet, 
two are of current interest. The near 
ultra-violet, as available from fluorescent 
sources, is uniquely suitable for catalyzing 
the chlorination of certain gases used in 


the preparation of synthetic rubbers. In a 
somewhat similar way the near ultra- 
violet is being used to clear up remaining 
traces of hydrogen from electrolytically 
produced chlorine, the hydrochloric acid 
formed licing readily removable. 

The middle ultra-violet is that range of 
wavelengths which is absorbed by a sub- 
stance near the surface of our skin known 
as colesterol. This substance, under the 
stimulation of middle ultra-violet, creates 
vitamin D which the blood distributes 
throughout our bodies The vitamin D as- 
sists the utilization of calcium and phos- 
phorus to prcKluce strong bones and teeth 
and prevent or cure rickets. This middle 
ultra-violet, if used in sufficient quantity 
(cither a light dosage and a long exposure 
or a strong dosage and a short exposure), 
produces reddening of the skin — that is. 



Germicidal lamps, producing ultra- 
violet, are being used in surgical ond 
dental instrument sterilizing cabinets 


sunburn — technically known as erythema, 
and if carried far enough results in blister- 
ing and peeling 

There is no known value m far ultra- 
violet for the maintename of general 
health In faU, thcic may he some re- 
duction of the benefits of middle ultra- 
violet when far ultia-viulet accomiianics 
it Unfortunately, perhaps, far ultra-violet 
will also redden the skin, or even cause 
peeling, though it seldom causes a blister 
This reddening often misleads those using 
a lamp generating far ultra-violet to be- 
lieve that they are receiving health benefit, 
and it assists in selling certain cold quarjtz 
type lamps for health purposes that prob- 
ably are of little if any good for such pur- 
poses. 

However, there are certain powerful 


quartz aic lamps in common use in doc- 
tors’ offices which, in addition to the far 
ultra-violet, emit so much middle ultra- 
violet that they are of very definite health 
benefit. 

The chief function of cold quartz lamps 
and of the germicidal lamps and Stcri- 
lamps is the destruction of bacteria. Such 
lamps arc useful for treating various skin 
infections, but should be so used only 
under a doctor’s direction. They are most 
useful for irradiating the upper air in lo- 
cations where people are close together 
for several hours at a time. Under such 
conditions many types of germs are 
breathed into the air and float about much 
as does an odor or smoke. Far ultra-violet 
radiation will kill most such air-borne 
germs and thus lessen the danger of the 
s])rcad of such contagion as measles, 
chicken pox, mumps, scarlet fever, diph- 
theria, meningitis, small pox, septic sore 
throat, whooping cough, and so on 

There are already thousands of germi- 
cidal lamps in use in hospitals, and their 
use is being extended to surgical and 
dental instrument cabinets, schools, offices, 
haiiacks, fai tones, ships, and even to 
the home It must be remembered, how- 
ever, that the short-wave ultra-violet can 
cause very sore eyes — conjunctivitis — and 
peeling of the skin. 'J'he practice in using 



GrowHi of fungus in bottled goods 
IS retorded by use of ultra-violet roys 


such lamps, therefoie, is to confine all 
radiation to areas above the eye level, 
h'lxtures for such lamps are especially 
designed to accomplish that end 

Considerable research work is under 
way to determine the effectiveness of far 
ultra-violet or short-wave ultra-violet 
radiation in controlling the spread of 
respiratory diseases among poultry and 
cattle. 

There are many industrial uses of the 
far ultra-violet which take advantage of 
its germicidal and fungicidal effects. It has 
recently become a standard way of dis- 
infecting the air in blood bank and scrum 
I)r(x:essing laboratories. It provides an 
economical way for the essential reduction 
of the thermophilic bacteria in sugar used 
for canning. It is used for its fungicidal 
effects on pre-mixed baker’s flour and in 
bottling plants. 

The selection of an ultra-violet lamp 
depends largely on the purpose for which 
it is intended. If blapk-light effects arc 
the prime requisite, a lamp having the 
major portion of its output in the near 
iiltra-vit)let range should be selected. Well 



in the lower portion of the room through forced or naturol circulotion of tho oir 
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suited to that purpose are the 100-watt 
mercury-arc lamps, H-4 type. They re- 
quire a transformer for operation and a 
black ultra-violet transmitting glass filter. 
If a sunlamp is desired for human 
health purposes, or for use in chicken 
houses or dairies, the type S-1, S-4, RS-4, 
and RS lamps are most suitable. With the 
exception of the RS lamp these also le- 
quire a transformer and a suitable fixture 
The types S-1, S-4, and RS-4 lamps all 
have about e(|ual ultra-violet output. h'<»r 



the .iveiaRC person a 10 minute daily ex- 
posure at a distant e of appi oximately 
feet from the lamp is suftkient, though 
the exposure may be increased or the dis- 
tance shortened, or both, as one becomes 
anustonicd to the ultra-violet, just as one 
may gradually increase extiosure to mid- 
summer sunlight. 

The RS-4 sunlamp is essentially llie 
same as the S-4 except that no external 



Type RS sunlomp is provided 
with on internal aluminum reflector 


reflector is necessary, the bulb itself being 
coated with reflecting material on the in- 
side. These lamps are both 100-watt units 

The S-1 sunlamp has the same ultra- 
violet output as the S-4 group, but about 
four times as much infra-red, or heat, as 
it consumes 400 watts instead of 100. 

The RS sunlamp is the latest of the sun- 
lamp group. This lamp consumes 275 
watts and is also in a reflector type bulb 
Its ultra-violet output is .somewhat less 
than that of the S-1 or S-4 lamps, but this 
can be compensated for either by longer 
exposures or by shorter exposure distance, 
or both. This lamp has the outstanding 
advantage of operating directly on 1 10-125 
volt A.c. lighting circuits without the use 
of a transformer. The lamp bulb contains 
a ballast resistance and automatic switch 
taking the place of the transformer re- 
quired by the other lamps. Due to war 
conditions the RS lamps are not now in 
production. 

Thus continuing research has developed 


RESEARCH 

a number of convenient ultra-violet sources 
and is finding new uses for them in both 
routine work-a-day applications in indus- 
try and in the fields of personal health. 
Much of the work being done with ultra- 
violet must remain untold for the dura- 
tion, yet sufticient is already known to 
serve as a basis for constructive thinking 
toward post-war commercial develop- 
ments. 

• 

Editor’s Note: Readers who have in- 
dustrial problems which miglit be solve«l 
through the application of ultra-violet 
radiation are invited to address specific 
questions to the Editor for forwarding 
to the author of the foregoing article. 

• • • 

ELECTRONICS MYSTERY 
Solvad, May Lead to 
Improvod Vacuum Tubot 

XnK DISCOVERY that gas dissolves in cer- 
tain metals just as salt dissolves in water 
may lead to the production of longei -last- 
ing electronic tubes which will require less 
power to operate. Dr. Harvey C. Kent- 
schler, noted physKist, recently told a 
meeting of the American Physical Society 
Dr. Rentschler, who is Director of Re- 
seai ch for the Lamp Division of the West- 
mghousc Electiic and Manufacturing 
Company, reported the results of his ex- 
periments to unravel one of the unsolved 
mysteries of electronics ; namely, how 
tiny particles of matter called electrons 
are emitted from metals to set up a flow' 
of current inside such tubes as those fot 
ladio and X-ray. 

F.xperiments duiing the last eight years 
liave led to the conclusion that atoms of 
gas — oxygen, hydrogen, or nitrogen — ac- 
tually dissolve m the crystalline stiuctine 
ol some metals just as salt dissolves in 
water. These gas particles then “loosen" 
the electrons in this striu ture, causing 
them to he emitted from the metal more 
readily when heat or light is applied 

“This explanation," Dr Rentschler de- 
clared, “should result in longer-lasting 
tubes and accomplish important savings 
in the size and number of electric batter- 
ies, generators, and other apparatus need- 
ed to supply the filament power. Such im- 
proved tubes would be the result of bet- 
ter ‘cathode’ construction," he continued 
Cathodes are the metal filaments inside 
tubes which hre a stieam of elections at 
speeds greater than a million miles an 
hour Tire emission of electrons from 
metal cathodes is the basic principle of all 
electronic phenomena. As these tiny 
particles of negative electricity pass from 
the cathode to a metal plate, called the 
anode, they set up a flow of electric cur- 
lent which is put to work to accomplish 
countless tasks. 

Dr. Rentschler first discovered, in 1935, 
that a small amount of oxygen reacting 
with such metals as thorium, uranium, 
and barium speeded electron emission, but 
found that a similar effect was not ob- 
tained with such commoner metals as iron, 
nickel, copper, zirconium, titanium, and 
others. “Using a pure form of zircon- 
ium, titanium, and hafnium," he ex- 
plained, “we now have found that these 


metals, too, are likewise aflfected by oxy- 
gen as well as nitrogen and hydrogen. 

“When these metals in a pure state and 
mounted on a core of tungsten arc heat- 
ed in a vacuum, they will melt into a 
soft globule. When the pure metal is 
heated in oxygen, hydrogen, or nitrogen 
at a low temperature and then at a still 
higher temperature in a vacuum, it be- 
comes brittle and hard. 

“After an appreciable amount of gas is 
‘dissolved’ in the metal and all excess gas 
removed, the metal can be heated to tem- 
peratures as high as 2700 degrees, Fahren- 
iicit. 'I'he fact that there is no pressuie 
increase in the vacuum tube shows that 
no further gas is liberated. The gas ap- 
paiently dissolves uniformly to form what 
we call a ‘solid solution’ in the metal. 
From such metal can be made excellent 
cathodes." 

Although scientists have known that 
oxide-coated cathodes emit electrons more 
readily than cathodes of plain metal, they 
have been unable heretofore to use oxides 
for high voltage tubes. Dr. Rentschler 
pointed out. This is because the high 
voltage sets up such a strong electric field 
that the oxide-coating is torn from the 
surface of the metal. Such a coating con- 
sists of a paste baked onto the metal. 

By dissolving gas into the metal, how- 
ever, it may he possible in the future to 
produce an oxide-coated cathode for high 
voltage tubes, he continued. The oxide in 
this case becomes an integral part of the 
basic cathode metal and cannot he torn off 
by the strong “pull" of the electric field. 

MOLECULAR ATTRACTION 
Tht Etstntiil DIfferanot Batwaaii 
Fibers, Plastics, and Elastoman 

Tup DiFFERENrE between a springy ruh- 
her-like substance and a hard plastic or 
a tough fiber, either synthetic or natural, 
lies in the tendency for the molecules of 
these substances either to contract or to 
form crystals. Dr. H. Mark, professor 
of organic chemistry at the Brooklyn 
Polytechnic Institute, recently reported 
to the Society of Sigma Xi. 

Tlie more crystallization in its struc- 
ture the more the substance becomes a 
typical fiber, such as nylon, silk, cotton, 
or rayon. If the mutual attraction be- 
tween the chain-like molecules of a given 
material is low, then it will show mainly 
the properties of an elastomer such as 
rubber. Buna S, Neoprene, Hycar, Butyl 
rubber, and so on. This is also true if the 
molecules do not fit well into a regular 
three-dimensional lattice structure 

In between these extremes, the sub- 
stance will show the properties of a 
plastic, such as hard rubber, methacrylate 
(Lucite), vinylite, polystyrene, or ethyl 
cellulose. 

Present experimental knowledge shows 
that all of these substances have about 
the same fundamental structure, but it is 
their ability to crystallize that gives them 
different properties. 

All types of what the chemist calls 
“high polymers," whether they be rub- 
bers, plastics, or fibers, have the same 
high order of polymerization, that is, their 
molecules are composed of alxiut 2000 
or more atcmis. 
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Anthropocentrism’s Demise 


New Discoveries Lead to the Probabiiity that There 
Are Thousands of inhabited Pianets in our Gaiaxy 


HENRY NORRIS RUSSELL, Ph.D. 

Heod of the Deportment of Astronomy ond Director of the Observa- 
tory ot Princeton University. Reeeorch Associate of the Mount 
Wilson Observatory of the Cornegie Institution of Woshington 


W E TOLD last month of the dis- 
covery that three stars among 
our nearest neighbors are attended by 
invisible companions, which are much 
less massive than any bodies that had 
previously been detected outside the 
solar system. The smallest mass so far 
known, in the case of a star which can 
be seen by its own light, is about one 
sixth that of the Sun; the new discover- 
ies have masses from one fifth to one 
twentieth of this 

This raises a question of great gen- 
eral interest. Aie these Ixidies stars, or 
planets revolving about the visible stars 
which they accompany? More precisely, 
which of the two names do they properly 
deserve ? 

This is a matter of definition, and we 
must b5[ guided, as in all such cases, by 
past usage, so far as this is relevant In 
our own system, this usage may be ex- 
pressed in the working definition ; A planet 
is a compact, opaque body in orbital 
motion about the Sun, and shining by 
reflected light. 

The words “compact” and “opaque” 
are introduced to distinguish between 
planets and comets, which are diffuse 
and practically transpaient swarms of 
matter, while planets have definite boun- 
daries — which gravitation compels to be 
nearly spherical, with some flattening by 
rotation. 

So long as these conditions are met, a 
body may be called a planet no matter 
whether it is solid, liquid, or gaseous 
Question might theoretically be raised 
about a mass of pure, “permanent” gas, 
free from all constituents which might 
condense to form clouds ; but all gases 
scatter light, and hence obstruct its pas- 
sage, and it is easy to show that a purely 
gaseous mass, held together by its own 
gravitation, and as much as 5000 miles in 
diameter, would be effectively opaque ex- 
cept at the very edge. The word opaque 
might, therefore, have been omitted from 
our definition. 

One limitation remains — that of shining 
by reflected light. This demands that the 
.surface of the body shall not be hot 
enough to shine on its own account; but 
this can be interpreted in two ways ; first, 
that the body could not be seen by its own 
radiation by the human eye, if it stood 
alone in perfect darkness, and second, that 
any feeble light which it might emit on 
its own account woul,d be overw'helm- 


ingly su! passed by the sunlight which it 
reflects. 

The writer owes to Dr. Babcock, of 
Mt. Wilson, the interesting observation 
that the temperature at which a cooling 
body ceases to be visible to an observer 
who has rested his eyes thoroughly in 
(omplete darkness is a little above 400 
degrees, Centigrade, or about 700 degrees 
on the absolute scale. The permanently 
sunlit side of Mercury is almost as hot 
as this ; hut, considering the intense il- 
lumination of the planet by the Sun, 
it w'ould be ridiculous to speak of it 
as self-luminous. 

it may be recalled that it was once 
f mistakenly) believed that Jupiter and 
.Satin n might be hot up to their surfaces, 
so that they might be feebly self-luminous 
if seen alone, but no one objeited to 
calling them planets on this account 

A i ONE point past usage gives us little 
help How big would a dark body 
have to be to lose the right to be called 
a planet^ All that can be said is that, 
before it was known that the companion 
of Algol was perceptibly luminous, the 
stai's variation was sometimes described 
as “due to eclipses by an enormous 
planet,” wdth very little protest—though 
this could hardly be called established 
usage. 

Now let us turn from words to things 
— and see what may reasonably be con- 
cluded about the properties of the newly 
discovered bodies from the available 
information— taking as an example the 
faint companion C in the system of 61 
Cygiii for which the data are best. 

The only thing we know about this 
body IS that its mass is 0 016 times the 
.Sun’s, but w'e may reasonably assume 
that, like the two visible stars in the 
system, it is of normal composition, con- 
sisting mainly of hydrogen and helium, 
w ith a few percent of heavier atoms. The 
two main questions which we want to 
answer, if we can, are: “How big is this 
body?” and “How hot is its surface?” 

The first question is hard. We can, how- 
ever, set a definite lower limit, by assum- 
ing that the body has contracted to the 
smallest size which the laws of nature 
permit. Here we find a curious situation. 
In a large mass, comparable with the 
Sun’s, this limiting condition is one in 
which the matter is “degenerate” and has 
an enormous density — as actually occurs 


m white dwarf stars, such as the com- 
panion of Sirius. In this state the relation 
of internal pressure and density are such 
that stars of large mass, when they settle 
down, are not merely denser, hut actually 
smaller in diameter, than those of smaller 
mass. Bodies of the Earth’s mass or less 
settle down into the familiar, non-degener- 
ativc, state in which the large masiies have 
a slightly greater mean density, on account 
of the greater internal pressure, but are 
of larger radius than smaller masses of 
the same composition. Bodies of inter- 
mediate mass reach, at their limit, a 
partially degenerate state; and (for a 
given composition) there is a certain mass 
which has a maximum radius, larger than 
for cither greater or smaller masses. 
The difficult theory of this has been 
worked out approximately by the Indian 
physicist, Kothari, for bodies composed 
of but one kind of atom His results for 
helium may be adopted as the best guide 
I"or the maximum size, in a completely 
“cold” state, the mass comes out twice 
that of Juipter, and the diameter 55,000 
miles -somewhat smaller than Satin n 
Our body has eight times this mass. Its 
limiting diameter comes out 45,000 miles, 
with a mean density of 150 times that of 
w'ater. This is high, but only about 1 
pel cent of that of a typical white dwarf 

T mk diameter of the bright star about 
which C revolves may be rather closely 
estimated as 0 6 of the Sun’s, or 520,000 
miles C is, therefore, certainly as large, 
in cornparLson to its primary, as Saturn 
in comparison to the Sun. 

Jt is possible that C is in this limiting 
state (for several normal stars have de- 
generate companions) ; but it is probably 
more likely that C is not degenerate. It 
would be well clear of degeneracy if its 
density were equal to the Sun’s — in which 
case its diameter would be 216,000 miles, 
or 40 percent that of its primary — pretty 
big for a planet, but passable. 

There is no assignable reason, however, 
why C should not be ten times as large 
as this. If It w'cre more than ten times 
the .Sun’s diameter, the attraction of the 
primary would raise such huge tides on 
it, when they were closest, as to make 
its stability uncertain ; but there is a 
great range of possible sizes within which 
we have no present basis for making any 
decision. 

The other main question, of surface 
temperature, is capable of a more defi- 
nite answer; but before we take this up 
we must consider the internal temperature 
and constitution of the body. 

In the limiting case of smallest diameter, 
the answer is explicit; the body would 
be completely cokl, inside and out. How- 
ever, for a diameter only a little larger, 
both the internal and the surface tempera- 
tures should be fairly high (compare the 
companion of Sirius). A good idea of 
what to expect can be derived from the 
case of density equal to the Sun’s. If we 
assume that the internal constitution and 
composition resemble the Sun’s, the cen- 
tral temperature comes out 1/16 of tb/* 
Sun’s, or 1,600,600 degrees; and any 
plausible assumptions make it several 
hundred thousand degrees. 

At such temperatures, the internal con- 


18 


SCIENTIFIC AMERICAN • IIIIY 1QA3 



dtitutioii of the body would rcsetnble that 
of a star. The atoms would he heavily 
ionized, the resulting highly com- 
pressible, and the general theoiy of stellar 
constitution, now well established, would 
be applicable. 

In particular, the situation is within 
the range of Morse’s tables whuh make 
it possible to calculate the rate at which 
heat would estape from the interior to 
the surface. Applying these (assuming 
composition similar to the Sun’s), it is 
found that the whole radiation of heat 
would be only 1/140,000,000 as great as 
the Sun’s. The surface temiicrature te- 
quired to maintain this is 105 degrees 
above the absolute zero, or — 168 degiees, 
Centigrade. 

I N SUCH a body, though it had an in- 
tensely incandescent core, heat would 
leak outward so slowly that the surface 
W’ould be exceedingly cold, and covered, 
like that of Jupiter, with thick layers of 
clouds formed by the condensation of 
substances such as ammonia whieh, at the 
temperatures familiar m every-day life, 
are gaseous. Below these clouds would 
he others — for exami)le, of condensed 
water m regions of somewliat highet 
temperature. Only at a depth of tlamsands 
of miles would the gases he h<»t enough 
to be free from condensed vapors 

These outer cl()ud-la>ers vsould b(‘ so 
opaciuc that the heat which Howed toward 
them through the clear gases below would 
be carried onward, lujt by ladiatioii fiom 
atom to atom, but by convection — bodilv 
transport by ascending cuiients of hotter 
gas, matched elscwvheie by descending 
currents of gas which had cooled When 
condensation is taking place, hheiating 
latent heat, this is a poweiful mode <4 
heat-transport. 

The clcjudy layers, h()we\er, must fotm 
but a small frac tiun of the mass of the w hole 
body, and the main flow of heat would 
come from the gaseous interior 'Jliete 
might he important convection currents m 
this if (as is ^cry piohahle) electrons and 
highly charged atoms, dissociated at gieat 
deptlis, combined in highci regions oi 
lower temperature The net tianspoit ot 
heat by such currents might exceed that 
carried by radiation even in the cIcmi 
gas; but, if it w’erc a Imndied tnin s 
greater, it would sufYicc only to maintain 
the outer surface at ahcnit 3J0 degrees, 
absolute, or 50 degiecs, Centigrade 
It appears, therefore, to be an entirely 
safe conclusicm that this small body, if of 
the density of the Sun, cannot he self 
luminous to even the feeblest degree. \ 
body of greater diametci would be coolei , 
inside and outside, a smaller one liutlci 
Therefore it is entirely safe t<j conclude 
that 61 Cygni C is a dark lu)dv in tin 
strictest sense of the words. 

We have still to inquire whether the 
body w'ould reflect enough light to be a 
respectable planet. As it is almost cer- 
tainly cloud-covered, its reflecting power 
should be comparable to that of Jupiter 
At the mean distance of 2 4 astronomical 
units from the bright star, a body of * 1 
the Sun's radius, if attendant upon the 
brighter component of the pair, would 
reflect as much light as Saturn does 
from the Sun; if near the fainter com- 
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ponent, about half as much This ii> cei- 
tainly enough to make it a very resjiec ta- 
ble pl.inct Kven with the minimum pos- 
sible si/c* it w'oiild still he a cc^nspicuous 
object if viewed from planetary distances 
siicli as occur in the solar system 

Seen from the Sun’s distance, the 
eomiianion would appear faintiT than the 
24tli magiiitiide — that is, less tlian a tenth 
<is blight as the taint(‘st ^taI ohseivahl< 
with the lOO-inch telc'seope IhcTc* is. 
iheiefore, no lu)pc' of ohseiving it diiecth 
—even if it were not drowned emt liope- 
Icssly by its primary star which is mil- 
lions of times brighter. 

.Summarizing out r(*sults, we may con 
elude that the newly discovered object is 
a daik body, hut shines by reflected light 
more strongly than most planets m cmi 
own system W'e would ha\e no liesitatioii 
in e.ilhng it a planet, if it were not foi 
the cliaiue that it inav he larger in di.i- 
inetei than the bright star around which 
It icv( lives 

N oi 1 w'okrii V .IS this discovery is from 
the tc'chnical standiioint of astroiioinv, 
It IS iniuh moic so fioni the gcuieral one 
of plulosophy Recent observations, es- 
pecially ot double stars, have detected 
iii.inv inoie "mvisihle” companions- most 
of them larger in mass, eonijiared with 
then piiinarics, and doubtless i.iint a/um 
whuh wouhl lie dnectly visible hut for 
the glare of these neighbors Such hunt 
( onipaiiions aie evidently \eiy numerous 
among the stais as a wliole, .md, tlie more 
oiir means of observation are relinecl, tiu 
smaller aie the massc*s wh.Ji we cm 
(K'tc'ct Wvy sin.ill attendants jiioduee 
so small an oseillatioii ot their priniiURs 
til, it it can lie detected only wlien the 
laltei au among the nc'arest stars All 
lhi(‘e ot those which we have been con 
sulenng aie within live jiaisecs (oi lo 
hglit-vears) tioin the Sun Within this 
chstance there are piohahl> less than 200 
stars, only a decided niinoiity of whuh 
ha\e vet been .i(le<|uately observed to 
(U'tect companions, ii they exist 

It IS, theretore, cleai that the niimhei 
of stars winch are attended l^v daik 
companions must he a resjieetahle pei 
centage of the whole Among the hun- 
di cds ot niillions of known stars, there 
.tie pioh.ihly millions ot such bodies 
\\ licther there aie still sinallei ones, coiii- 
pai.ilile in mass to Jupiter, or even to 
tlie h'arth, v\e can not tnid by diicvt o1>- 
seivation, even on the nearest stais, but 
theie IS no sign that the number of com- 
panioiis falls off as thc‘y gel smaller, 
down to the observable limit 

( )ii the basis of this new evidence, it, 
ilutetoie, appeals prolnihlc that, among 
tlu stais at large, thcie may he a voiv 
I.irge nnmfier winch are attended In 
liodies as small as the planets of oui own 
system This is a radical change — indeed, 
practicall> a reversal — of the view whuh 
was generally held a decade or two ag«) 
The cjlder opinion, that planetary systems 
are excessively rare, was a deduction 
from the then accepted theory of the 
oi igin of the solar system by a close 
encounter, if not a colhsuni, between the 
Sun and another star Such encounters 
must be extremely rare. More recent 
theoretical work — especially that of Spit- 


/er- — has eicalcd giave duulit regarding 
the validity of this theory, and we are 
completely in the dark regarding the 
origin of the planets But now', in place 
of a deduction from a doubtful theory, 
we have a model ate generalization of 
fiewly discovered tacts. Small companions 
exist, in almndancc, <lovvn to, if not be- 
yond, the limit at which an> one w'ould 
call thc*m pl.mets, and there is no known 
leason why smaller planets should not 
exist ill ccjinparahle numbers 

S rc H bodies would doubtless he siniilai 
in chemieal composition to the planets 
of oui System, as the stars are to the Sun 
Under the operation of general physical 
laws the larger ones, down to about ten 
times the Earth’s mass, would ccuitain 
great quantities of hydrogen and its 
compounds, like onr major planets 'Phose 
compaialile to the Earth in mass could 
not Kt.iin these light gases, and would 
lu‘ sjiluTC's of rock sui rounded liy atmos- 
phetc^s and with more or less water on 
their surfaces .Smaller bodies would be 
atmos])herc‘less, like the Moon 

Among the* planets of intermediate si/e, 
some would he at such a distance from 
their luimaMes that thc*y were maintained 
at temper.itures .it whudi watei w.is 
lupiul, at least duiing some seasons of 
the vear All siudi bodies would he essen- 
tially habitable— c aji.ihle of supporting 
life of the s.uMC (/oicral nature as exists 
on earth 'The numher of jilancts whuli 
satisfy these conditions, though no lai go 
fi action of the whole, may, in the aggre 
g.ite, he vei> large 

If, as appears to be piohahle, vegetation 
exists on M.irs, lile has developed on two 
out of tlu ihice pl.inets m our s> stein 
while It has any cliarue to do so With 
this as a guide, it appears now to he 
inobahle that the whole numhei of in- 
habited vcorlds within the Galaxy is eon- 
snleiahle 'Fo think of tliousands, or even 
more, now' appears far more reasonable 
llian to snp])ose that our planet alone 
is tlie abode of life and reason 

\\ hat the forms of life might be on 
these many vvcjilds is a question hc'fore 
which the most spec'ulativc mind mav 
(jiiail. Imagination, in the absence of more 
knowledge of the nature of life than we 
now possess, is nnecjual to the task 
There is no reason, however, against snj) 
jKising that, under favorable conditions, 
oi gaiiisms m.iy liavc evolved which equal 
or suipass man in reason and knowledge 
of Nature —and, let us hope in harmony 
among themselves! 

It may fairly he claimed, tlien, that 
tills latest «!iscoveiy cunqilctes the v\otlv 
which Copernicus liegan four centuries 
ago Though the belief that om world 
was the matenai center of the Universe 
has long been dead, the supposition that 
it was (at least probably) nnujue in licing 
the abode of creatures who could study 
the Universe has lingered long Now this 
last stronghold of the old way of thinking 
has fallen, and there is no longer a basis 
for supposing that either this world or 
Its inhabitants are unique, or in any w'ay 
the “hist, last and best of things” The 
realization of this should be good for us 
— Mamtou Springs, Colorado, April 22, 
1943. 
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HEALTH 


Can Colds Be Prevented? 

There is no Effective Method for the Prevention 
of the Common Cold— Not Vaccines, Not Vitamins 


ROBERT H. FELDT, M.D 


Y OU might as well take so many hypo- 
dermic injections of water as to take 
cold vacdne shots. Neither will do any 
good in Hie prevention of colds. Nor will 
vitamin capsules help These conclusions 
are based on a critical review of medical 
literature. A member of the Council on 
Pharmacy and Cliemistry of the Ameri- 
can Medical Association recently stated 
that “at present there are no effective 
methods available for the prevention of the 
common cold.” 

When cold vaccines were first devel- 
oi)ed, glowing reports appeared. In one 
large factory, cold shots were given to 
every employee through an entire winter. 
The workers almost universally stated 
that they had fewer colds than they had 
noticed the year before Other doctois 
reported similar results with their patients. 

Dr Alphonse R. Doche?, Professor of 
Medicine at Columbia University, was not 
satisfied with this kind of evidence He 
thought it was unfair to judge a vaccine 
by coinpating the frequency of colds dur- 
ing the season when the vaccine was being 
administered with the experience of the 
preceding year. He recogni7ed the well- 
known principle that the controlled experi- 
ment is the only accurate way to evaluate 
a new' therapeutic method A group of 
])ersons taking treatment should be com- 
paied with a similar series of control sub- 
jects who receive no therapy. 

Dochez and his assistants gave cold 
vaccine injections weekly to 20 infants. 
'Pwenty other babies of similar age and 
sex were observed during the same period 
of time. All 40 children lived under the 
same roof and their care was identical. 
'Phose who received the vaccine had just 
as many colds as the ones who didn’t. 

Colds were once thought to he clue to 
infection of the respiratory passages with 
various kinds of germs Therefore, vac- 
cines were developed containing millicins 
of dead germs of these kinds. An im- 
munity against germs of the type found 
ill the vaccine was supposed to develop 
as a result of the injections. Recent in- 
vestigation has established that germs of 
the sort used in vaccines are not the cause 
of colds and it is no wonder that the 
vaccines have been ineffective. 

Drs. Harold S. Diehl, A. B. Baker, and 
Donald VV. Cowan, of the University of 
Minnesota, are famous for their research 
w ith colds. They have tried numerous 
forms of treatment, but they agree with 
other doctors that the most important step 
in controlling colds lies in the direction 


of prevention. After years of experimen- 
tation, they report that they have been 
unable to find an ideal preventive method 
The subjects for their studies have been 
volunteers from the student body whose 
history showed that they were unusually 
suscejitible to colds. Only students in 
robust health were selected. The doctors 
did not wish the results to be influenced 
by the inclusion of persons who suffered 
from sinusitis, asthma, or other chronic 
diseases of the respiratory organs. 

One half of the students who entered 
the “Cold Prevention Group” were given 
weekly or biweekly hypodermic injections 
of the vaccine. The other half received 
injections of water and unknowingly acted 
as control subjects. The students who 
were given the water placebo were under 
the impression that they were getting cold 
vaccine. Altogether more than 700 people 
participated in the study. 

T he subjects who took the cold shots 
had an average of 1.7 colds during the 
school year. Those in the control group 
whose only medicine had been an injec- 
tion of sterile water had an average of 
1 8 colds. For practical purposes, such a 
difference can be ignored. The number 
of school days lost due to colds was 
exactly the same in the two groups 
Complications such as pneumonia and 
sinusitis were just as frequent among the 
vaccinated as they were among the un- 
vaccinated. 

When the students registered foi the 
cold prevention program in the fall, they 
reported the number of colds they liail 
experienced the previous winter. On the 
average, their history showed more than 
five colds a year. While taking the in- 
jections of vaccine or water, they had less 
than two colds a year — a reduction of 
more than 60 percent. 

These figures emphasize the fallacy of 
trying to judge the value of therapy unless 
the experiment is controlled. It would be 
as logical to conclude that injections of 
water prevented colds as it would be to 
infer that the beneficial effect was due 
to the vaccine. Each group showed the 
same degree of improvement. It is obvious, 
therefore, that the vaccine was not re- 
sp<jnsible for the remarkable reduction in 
the number of colds. 

Several factors probably account for 
the decreased frequency of colds. Careful 
examinations and accurate reports were 
secured during the year of observation, 
and the number of colds experienced is 
a matter of record. The history cards 
for the previous year were filled out from 
memory and there may have been some 
subconscious exaggeration. Perhaps the 


students remembered to take better care of 
themselves because of their visits to the 
clinic for a shot in the arm. This fre- 
quent reminder that they were trying to 
jirevent colds may have prompted them 
to avoid people with colds, secure plenty 
of rest, and dress warmly. 

The Minnesota doctors w’ere .sometimes 
mildly embarrassed by inquiries from 
practitioners throughout the state. A 
physician wrote: “John Olson, who is 
teaching in our high school, was at the 
University of Minnesota last year. He had 
such excellent results with the cold vac- 
cine you gave him that he would like to 
have me give it to him this year. Will 
you please tell me where it can be 
secured?” As likely as not the material 
that gave such “excellent results” was 
water. At the last convention of the 
American Medical Association, Dr. Diehl 
said, “The results reiKirted by many 
persons who received placebos would 
serve as splendid testimonials for any- 
thing” recommended for cold prevention. 

Another group of students were asked 
to take cold vaccine by mouth to see if 
it was any more effective than the injec- 
tions. Over 350 persons took “cold cap- 
sules” containing enormous numbers of 
dead bacteria. A control series of stu- 
dents were given placebo capsules filled 
with .sugar. The capsules were identual 
in appearance, and all subjects thought 
they were receiving the cold prevention 
vaccine Again there was a remarkable 
reduction in the freipiency of colds as 
compared with the previous year. The 
number of colds experienced and the tune 
lost from school was the same whether 
cold capsules or sugar caiisules were 
taken 

Other doctors have confirmed the work 
done in New York and Minneapolis. 
After carefully studying the subject for 
years, Dr. Chester S. Keefer, Professor 
of Medicine at Boston University and a 
member of the Council on Pharmacy and 
Chemistry of the American Medical As- 
sociation, has concluded that coKl vac- 
cines are of no value, his report being 
read at the Congress of Industrial Health 
A few doctors stHl believe that specially 
piepared vaccines may be helpful for 
certain conditions, such as recurrent 
sinusitis. 

V riTAMiN capsules are of no more use 
than vaccines for cold prevention. Again 
Dr. Keefer and others have recognized 
the findings of many researchers in reach- 
ing this conclusion. 

Dr. Ann (^ayler Kuttner has charge 
of a large group of children in a New 
York Convalescent Home. In such an 
institution, epidemics of colds have always 
been a menace and Dr. Kuttner hoped 
she could find a way to prevent them. 
Although the food was well-balanced and 
nourishing, she thought added vitamins 
might be helpful. Every day, one half of 
the children were given a special capsule 
containing large doses of vitamins A, B, 
C, and D. The other half of the children 
were fed and cared for in the same man- 
ner, except that they did not get the 
capsule. Their only source of vitamins 
was the fixid they ate. Surely the chil- 
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drcn who took the capsules would have 
fewer colds, if added vitamins were of 
value. During two entire winters, there 
were just as nidny colds among children 
who t(K)k the capsules as there were 
among the others. 

Cowan, Diehl, and Hakcr, despairing of 
the use of cold vaccines, began to experi- 
ment with vitamin capsules a couple of 
years ago. Their conclusions were pub- 
lished in The Journal of the Ameruan 
Medical Association. The same careful 
methcKl of control they perfected when 
studying vaccines was followed. The vita- 
min capsules containing large amounts 
of vitamins A, R, C, and D weie exactly 
like the placebt^ capsules in appearance. 
The latter held only a few drops of min- 
eral oil — a substance which could have no 
conceivable effect in such small quantities 

More than 200 students were given two 
of the vitamin capsules daily and a simi- 
lar grou)) took the placebos All of them 
believed they were getting the “cold pre- 
vention capsules “ There was a 50 percent 
reduction m colds compared with the 
previous year whether tlie students took 
vitamins or mineral oil. The average 
number of colds per student was the same 
in each group Vitamin capsules did not 
shorten the number of school days lost, 
decrease the severity of colds, or lessen 
the incidence of complications. The aver- 
age duration of colds w^as 8 2 days among 
those who took the vitamins as compared 

• 

CLIMACTERIC 
Oo Mtn Alto Havo 
Such a Poriod? 

This is a serious question. In an aiticlc 
in 7'hc Journal of the Ameruan Medual 
Association, Dr. V. Korenchevsky of Lon- 
don, cites a number of medical and bio- 
logical scientists who suspect that some 
men do pass through such a period, with 
symptoms similar to those of castration 
and appearing at the average age of 48 
to 52 years These symptoms are classified 
as follows : 

Nervous and psychic, to which belong 
intense subjective nervousness, headaches, 
giddiness, scotomas, emotional instability 
with an inclination to tears, irritability, 
sudden changes of mood, decreased inter- 
est in the usual activities (even pleasures), 
a desire to be left alone, decrease or loss 
of memory and ability for mental concen- 
tration, mental fatigability, loss of or 
disturbed sleep, day sleeping. A typical 
“climacteric” neurasthenia or involutional 
psychosis, chiefly in the form of melan- 
cholia, with a tendency to suicide which 
, might develop. 

Cardiovascular changes : Hot flushes, 
fits of perspiration, chilly sensations (for 
example, cold feet), tachycardia, palpi- 
tations, numbness, tingling. 

General and other changes, including 
increase of body fat ; physical fatiga- 
bility ; rougher and darker skin with 
wrinkles or folds appearing on the ex- 
posed parts ; constipation ; decreased sex 
potency and libido. 

It usually is ill-advised to publish in 
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with 8 1 days among the students in the 
control group. 

There arc certain conditions in w4iich 
the use of vitamins is necessary, even 
life-saving; but there is no excuse for 
indiscriminate vitamin medication be- 
cause of “lowered resistance to colds” 
The work of Drs. Kuttner, Diehl, Raker, 
and Cowan proves that added vitamins 
d(i not prevent colds, if the diet is rea- 
sonably adequate. 

Dr. Diehl has said that the kind of food 
“these students get is probably not as good 
as that of the average person who buys 
vitamin pills ” And yet the students were 
not prevented from getting colds by adding 
vitamins to their diet. How, then, can the 
average person, whose diet is better, hope 
to prevent colds by taking vitamins? 

'I'liere is no cause for despair in the 
reports that neither vaccines nor vita- 
mins will keep colds away The recogni- 
tion of these failures will stimulate le- 
.sear( h men to study other preventive 
measures. If the millions spent for vita- 
mins and vaccines could be used to finance 
continued scientific investigation, a suc- 
cessful method of prevention might be 
discovered in the very near future. 

Meanwhile, sensible living remains the 
best weapon for preventing colds. Con- 
tact with persons who have colds should 
be avoided, adequate rest must be se- 
cured, and a well-balanced, nutritious diet 
should be eaten. 


a non-medical magazine a list of symp- 
toms; the layman too easily inclines to 
assimilate his own symptoms to them and 
diagnose his own ills without realizing 
that a given symptom, taken alone, may 
also pertain to a wide variety of condi- 
tions other than those described. This is 
why the advice to ask a physician is the 
safest always, even though the possibility 
described above is of interest to men who 
seem during a period to go to pieces. 
When a given organism has reproduced 
itself Nature appears to lose interest in it 

HEART WATCHING 
Important to Workort in 
War Industrlof 

Tired hearts which furnish stiength to 
hands manipulating explosives are a 
source of potential danger to workers in 
the munitions industry Recently physi- 
cians at one of the country’s largest ex- 
plosives manufacturing companies called 
upon electrical science to help them ferret 
out cases of heart fatigue among workers 
in certain departments before the tired- 
ness became so great as to cause fainting 

The instrument they are using is called 
a “sound frequency analyzer,” developed 
by Western Electric Company A great 
deal more sensitive than the stethoscope, 
it picks up, analyzes, and records the 
heart sounds that disclose fatigue condi- 
tions that induce fainting. 

The plant doctors use the instrument 
regularly to chart the heart sounds of 
workers unavoidably subjected to chemi- 
cal fumes causing heart fatigue. From 


these charts they arc able to tell the 
degree of heart fatigue suffered by each 
person. Workers whose charts show 
heart fatigue arc immediately transferred 
to other departments, to avoid danger 
to themselves and to other W'orkmcn in 
the plant hainihng c.xplosivcs. 

WEEKS 

Sedentary Workers Feel Vitamin 
Deprivation within Month 

If vitamin R were suddenly withdrawn 
from the diet, how soon would the effect 
become apparent’ Would it be a mattei 
of years, months, days, hours? 

Light is thrown on this question by an 
article in American Journal of Physiology 
Seven healthy physicians were themselves 
used as the subjects, and weie put on a 
<liet made grossly deficient in the vitamin- 
B complex Measuiablc symptoms of the 
deficiency became manifest within three 
to four weeks, and consisted of easy 
fatigue, loss of ambition, and loss of ef- 
ficiency in daily work 'khc symptoms 
were mild and vague. 

Having accjiiircd a vitamin-B defi- 
ciency, after several weeks, does it re- 
quire the same length of time to recover 
fioin it? Generalizations are dangerous 
but, by and large, the neurological and 
mental lecovery is likely to be rapid; 
recovery from tissue changes, if any, 
jirobably much slower. A general idea 
of the former is imparted by language 
used in Nutrition Reviews with regard 
to deficiencies in thiamin (vitamin Bt) 
in animals used experimentally • “There 
is a vast amount of evidence,” that jour- 
nal states, “that the administration of 
thiamin to an animal acutely deficient in 
thiamin causes a dramatic and i>rom])t 
remission of the neurologic signs within 
a period of minutes, and complete recov- 
ery within a few hours ” 

GRYMOTHERAPY 
Outstanding Madical Journal 
Urgos Its Adoption 

Ice anesthesia for shcnkless surgery 
of the extremities is brought about by 
immersing the limb in a pail of ice and 
water for one or two hours before opera- 
tion, and was described in .Scientific 
American (Apiil, 1942) by Barclay 
Moon Newman This method was devel- 
oped by Fredeiick M Allen, M.D , of 
New York Its simplicity and effective- 
ness were iiointed out in our article 
for the lay reader, and the hope that this 
methexi would be used by the military 
in the field was expressed. 

Apparently this form of anesthesia has 
not been adopted as w idely as some medi- 
cal authorities have hoped, for we find 
in an editoiial in 'I'hc Journal of the 
American Medual Association iirgings 
which are at once urgings and a strongly 
implied commendation of the method. 
7 he Journal states, under the caption 
“Refrigeration (Crymo) Anesthesia,” 
that “Future generations may find it 
difficult to understand why it is taking 
us so many years to appreciate the sig- 
nificance of reduced temperature. The 
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usefulness of maintaining life processes 
at a reduced rate by lowering the tern- 
perature is still not generally understood. 

“Recent reports indicate that in com- 
bat areas military surgeons are largely 
occupied with the care of injuries of the 
extremities. The older methods of an- 
esthesia for these cases are not com- 
pletely satisfactory. 

“Life processes, in common with 
chemical reactions, have a spce<l w'hich 
is profoundly influenced by temperature. 
Oxygen consumption of the tissues can 
be reduced about 13 percent for each de- 
gree, Centigrade. 

“Refrigeration offers advantages for 
nearly all cases of severe wounds of the 
extremities. The large-scale program of 
medical education for war which is now 
in progress should include instruction in 
temperature physiology and advanced 
courses in the principles and practice 
of refrigeration anesthesia.” 

SYPHILIS 

What af the Too-famout 
**0ne-Day*’ Cara? 

YEAR or SO ago much publicity was 
accorded to a “one-day” cure for 
syphilis, and physicians raid'd their eye- 
brows. How The Journal of the .Ameri- 
can Medical Associahon regards such 
cures may be inferred from the follow- 
ing statement recently published in its 
columns : 

“There is no royal road to the euro of 
syphilis.” 

HYPNOTISM 
It It a Fraud? 

If not, Whara Daai It Stand? 

K^any persons apparently regard hyp- 
notism categorically as a fraud. Perhaps 
this is because most stage hypnotism — 
the variety most likely to be witnessed 
by laymen — is often conducted under 
auspices that do not inspire confidence. 
Even then, however, most of it is genu- 
ine — probably because it is easier to per- 
form the genuine than to fake an imita- 
tion. 

But hypnotism is also employed in 
psychiatric hospitals and elsewhere in 
the medical world. It is not new' and it 
is not w’idely used, in a comparative 
sense, but it remains in good standing 
in many competent medical circles Just 
how The Journal of the American Medi- 
cal Association recently answered an in- 
sular reader, a doctor of medicine, who 
inquired about the present status of 
hypnotism as a therapeutic procedure, 
and its use by laymen, may be gleaned 
from the answer w^h was published 
in that journal : ^ 

“Hypnotism suffered the fate of other 
methods of therapy which have become 
associated with charlatanism and which 
have been hailed with undue enthusiasm. 
It fell into disrepute with physicians be- 
cause, unlike psychoanalysis, it deals 
largely with symptoms rather than 
causes. It is essentially for this reason 
that this valuable therapeutic technique 
may be dangcrpiis in the hands of the 
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public, for symptoms may be created or 
intensified without a proper knowledge 
of the underlying pathologic condition 
All physicians are aware of the power of 
suggestion, and in the state of hypnosis 
conscious resistance is reduced to a mini- 
mum. The patient is put in a condition 
of heightened suggestibility and he ac- 
cepts suggestions without criticism. 

“One of the greatest obstacles in psy- 
chotherapy is to get the patient to accept 
therapeutic suggestions consciously. Un- 
der hypnosis it is possible to implant 
therapeutic ideas on the ‘subconscious’ 
and to have them take effect when endless 
numbers of suggestions given in the wak- 
ing state would be ignored or even active- 
ly resisted. Also under hypnosis former 
dissociated experiences and amnesic ma- 
terial can be rendered available for re- 
association and reorganization. Of course, 
like any form of psychotherapy, the re- 
sults of hyptuisis are individually lim- 
ited, and they vary in degree and va- 
riety with c\cry subject, depending on 
the innate endowment of the patient. 

“Hypnosis has a definite place in psy- 
chotherapy. It is not a mysterious ait, 
but a scientific technique.” 

PLASTICS IN MEDICINE 
Many New Uses are 
Being, Developed 

Brain plates, cups to reline arthritic 
hips, nylon monofilament sutures that are 
stronger and less irritating than silk, 
instruments that “pipe cold light around 
curves,” — these are some of the hun- 
dreds of instruments of surgery and 
medicine now made from plastics. 

Wartime research and experience of 
physicians and surgeons has greatly in- 
tensified the evaluation and adoption of 
medical applications for plastics, forecast- 
ing their increasing use in this field, 
according to the Plastics Department of 
K. I. du Pont dc Nemours & Company 
Many instruments are not now generally 
available because of war demands and 
priorities on plastic malei lals 

Pri^iperties such as toleration by human 
tissues, exceptional lightness m weight, 
transparency to X-rays, and virtual un- 
breakability adapt the plastics for use m 
delicate brain operations as well as ordi- 
nary mcdicine-chest tongue depressors. 

A noted New York surgeon has per- 
formed more than 300 skull operations 
in which a cranial defect was repaired 
with a plate of “Pyralin” cellulose nitrate 
plastic. Easily formed to the desired 
curvature in hot water and sutured in 
place, the plastic is perfectly tolerated 
by the tissues, is not absorbed, and be- 
comes firmly implanted in the .skull. A 
similar operation is made in treating 
Lcrtain types of epilepsy 

Pain m arthritic hips has been relieved 
and there has been at least a 50 percent 
increase in the leg motion— the criteria 
by which the success of a hip operation 
is judged— when cups of an acrylic plastic 
like “Lucite” methyl methacrylate resin 
have been used. 

The material not only is non-reacting 
to tissue but is transparent to X-rays, 
which allows the surgeon to sec hone 


structure within the cup. This plastic 
has also been used for jaw and knuckle 
joints, as a substitute for metal plates in 
hope grafting, and in plastic surgery. 

Millions of feet of nylon monofilament, 
formerly used in tennis racquet strings 
and fishing leaders, will this year replace 
gut and Japanese silk in sutures for the 
Army, Navy, civilians, and lend-lease 
shipments. Nylon does not dry out and 
rut like the natural fiber. 

These plastic sutures are superior to 
silk. They have greater tensile strength 
and smaller diameter strands can he used, 
'fhey are non-absorbing and inert in the 
body, w'heieas germs can travel in silk 
and skin can grow into the twisted 
threads of a silk suture. 

The ability of “Lucite” rods to trans- 
mit “cold light” around curves, plus 
strength and light weight, make them par- 
ticularly adaptable to the familiar com- 
bination flashlight-tongue depressor and 
a host of other instruments needed to 
examine the cavities and recesses of the 
body. 

Concentrated, shadowless illumination is 
given by this plastic in surgical re- 
tractors used for lighting up incisions 
and spreading them apart, as well as in 
cystoscopes, sigmoidoscopes, proctoscopes, 
otoscopes, pharyngoscopes, brain and ton- 
sil iirohcs, and siieculums. 

.Shields to ];rotect doctors treating in- 
fectious disease.s, windows in plaster 
casts, stethoscope parts, transfusion tubes, 
incubator covers, and drainage tubes are 
among the numerous other medical ap- 
plications for “Lucite,” the same plastic 
from wduch crystal-clear noses, gun tur- 
rets, and other transparent sections of 
military ain raft are made. 

C'ontaineis h^r pills and capsules, vac- 
cination shields, nose guards, artificial 
fingers, splints, nylon catheters, windows 
for oxygen tents, respirators and thera- 
peutic hoots, dentures- -the list of plastic 
applications in the field of medicine con- 
tinues to grow. 

RAPID QRAYINQ 
Dm Hair Evar Turn 
Gray Ovar-NIght? 

The belief than hair can turn gray 
over-night is a popular super stitution, 
according to some, who argue logically 
from the premise that hair is practically 
a dead tissue But is this premise itself 
correct ? 

On the other extreme are thousands 
of persons who claim to know of cases 
in which hair actually did turn gray in 
a few hours. Not all these cases will, 
however, bear strict investigation. 

In The Journal of the American Medi- 
cal Association the rapid graying question 
w'as recently discussed in much more de- 
tail than can be done here Though 
attested cases are rare, The Journal ac- 
cepts some of them, and does not cate- 
gorically deny all of them. It states, in 
sum: “The fact that in rare instances 
hair can quickly become gray must be 
acknow'Iedged. The old idea that hair is 
practically a dead tissue, cut oflF from the 
metabolic influences of the body, must be 
forsaken.” 
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MISCELLANY 


‘WERS’ Calling 

Radio Amateurs and Other Volunteer Workers are 
Setting Up a Communications System for War or Peace 
MAJOR GENERAL ULYSSES S. GRANT, III 

Protection Branch, U S Office of Clvliion Defence 


^jLlong the coasts of our country and 
/ \ inland where enemy planes may 
strike, wherever there is threat of dis 
aster from war or the heij^htened war- 
time threat of civil disasters — major acci- 
dent, explosion, conflagration, floods, 
hurricanes — alert communities are setting 
up a new, specifically war-planned com- 
munications auxiliary, the War Emer- 
gency Radio Service Director of the 
Office of Civilian Defense, James M 
Landis, says, “OLD strongly recom- 
mends that every community faced with 
the possibility of disasters of 
this character take steps im- 
mediately to give itself this 
added protection.’^ 

The War Emergency Radio 
Service, WERS, is a system 
of two-way radio communi- 
cation, licensed by the Fed- 
eral Communications Com- 
mission, for use of Civil- 
ian Defense and other de- 
fense forces in local areas 
It is a characteristically Amer- 
ican development and depends 
on the existence, first, of radio 
amateurs and other radio 
technicians familiar with high- 
frequency transmission, and, 
second, of a stock of radio 
equipment and parts unequalled 
elsewhere in the world. 

Wartime necessity led to the 
banning of amateurs from the 
air shortly after Pearl Har- 
bor. At that time there were 
about 55,000 licensed ama- 
teurs in the United States. 

Over 16,000 of these arc now 
in Uncle Sam’s service and 
many thousands more are 
working in essential war jobs 
and can give only a limited 
amount of leisure to WERS 
work. That puts a particular obligation on 
those left with full leisure to come for- 
ward and to help in setting up the many 
needed WERS systems. The fact is that 
few ex-amateurs require urging. On the 
contrary, they are more than glad to 
return to radio activities, and through 
radio to contribute their part to the war. 

It must be kept in mind, however, that 
there are strict limitations on the work 
they are doing under WERS. For one 
thing, it is limited to the use of ultra- 
high frequencies, mainly in the 2^-mcter 
band— 112 to 116 megacycles. Then there 
is the matter of operation. WERS sets are 
specifically for war objectives. In Civilian 


Defense (there arc also WERS stations 
for State Guards and Civil Air Patrol) 
the stations may be operated only dur- 
ing air raids or other emergencies, or 
during short practice periods once or 
twice a week The result is that am.itenrs 
must go into it with the clear pictnie in 
mind that Wi^RS is a limited, licensed 
system under FCC regulation, that they 
go into it to do a volunteer patriotic job, 
and that that job involves putting long 
hours into station-building, training and 
other unexciting tasks, and little into ac- 


tual operation. Yet the operation, when 
it comes, can count for life and death. 

WERS is just at the beginning of 
what is expected to be one of the great 
new developments in the field of defense 
and warfare. At the time of writing there 
have been 222 applications for station 
licenses; 156 have been granted, and 
about 4500 WERS operators’ permits 
have been issued. There are over 3700 
actual operating units, but everywhere 
in the country the construction of more is 
on the way and it is expected that ulti- 
mately there will be about 100,000 trans- 
mitters, 200,000 receivers, and about 300,- 
000 operators to man all this equipment. 


This expected large body of personnel 
will have its recognized place in Civilian 
Defense. WERS operators will serve in 
the Communications Unit of the local 
Defense Corps. This Unit will have the 
lightning-flash insignia, with a differ- 
entiating word for each of the Unit’s 
three subdivisions : WERS, telephony, 
and messenger service. To qualify for 
Communications Unit membership and 
insignia, WERS volunteers will be asked 

(1) to get an FCC operator’s license, 

(2) to follow a prescribed course of 
study and (3) to put in approximately 
20 hours of in-servicc training. Many of 
the personnel who help establish WERS 
systems will also become operators, but 
even if all of them became operators, 
they would fill only a small proportion 
of the need. The larger number of opera- 
tors will liavc to he general volunteers 
trained especially for the work. For- 
tunately, this training can be given in an 
easy six-hour course and does not require 
previous radio experience. 

The part of the job where amateurs 
and other technically experienced per- 
sonnel will make the greatest contribution 
is in setting the system up and putting it 
in motion. 

What is a WERS system? 
How docs it help m the de- 
fense work of a community 
or group of communities ? 
What gives it the dramatic 
pull and the appeal to the 
imagination — as well as the 
good, practical utility — that 
make it a fast-growing war- 
time national asset ? 

The War Emergency Radio 
Service is a local defense- 
aica system of two-way radio 
communication that gives an 
extraordinary flexibility and 
dependability to essential com- 
munications in time of enemy 
attack or war disaster. The 
FCC has assigned WERS a 
number of frequencies, but 
the main ones, as stated be- 
fore, are from 112 to 116 
megacycles. Within this range 
OCD recommends that opera- 
tion be planned for three 
hands of several channels 
each. At need there would be 
available 16 distinct channels 
so that there is no practical 
limit to the system’s flexibility. 

The three bands serve three 
purposes : 

1. One band connects the 
local Civilian Defense control center 
with the d!<;trict control center and so 
reinforces the community’s outside com- 
munications. 

2. A second band connects the local con- 
trol center with local fixed points such as 
wardens’ posts, fire houses, hospitals, 
public utilities, and industrial plants. 

3. A third band connects mobile forces 
like fire trucks and emergency medical 
teams with the control center. This band 
can also connect with walkie-talkies, 
portable sets carried by Civilian Defense 
volunteers. 

WERS transmitters use a maximum 
of 25 watts input power, which gives an 



A WERS volunteer instolls a tronsmitter 
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The rodio in this Auxiliary Police car hat been converted into o shortwove WERS set, 
permitting mointenonce of constant two-woy contoct with the control center 


effective communicating range of ap- 
proximately 10 miles, ami a maxitnutn 
practical transmission range of about 25 
miles. Operation of sets with tins limited 
range cannot help the enemy. Directional 
bearing cannot be taken on the stations 
and it would be useless on such a range 
to attempt interception of messages. 

T here are three main advantages to 
WERS: 

1. Wide coverage, — WERS can reach 
many points simultaneously, once its 
channels are put on the alert. One dis- 
trict warning center can reach all local 
control centers. The local control center 
tan simultaneously notify all wardens’ 
posts of air-raid signals, for example. 
The need for telephone chain calling is 
eliminated. 

The system also has value in the ca.se 
of calls to only one point. All sets arc 
listening in, and operators can break in 
to give advice or information, or can 
guide their own forces better through 
knowing the current situation. 

2. Invulnerability. — It is virtually im- 
possible to put the new system out of ac- 
tion. At most a few sets may be de- 
stroyed, which can easily be replaced. 
All other means of communication de- 
pend on cables, wires, and exchani^cs 
vulnerable to bomb hits and partial or 
total destruction. A hit anywhere 

between the two points of communication 
will usually put all lines out of commis- 
sion. Radio needs no wire or cable. 

3. Contact with moving units. — The 
new system can reach defense forces in 
motion. WERS gives all mobile forces 
a continuous central command and al- 
lows them to be shifted from one incident 
to another without returning to the base 
Walkie-talkies extend this two-way con- 
tact. By means of walkie-talkies, an inci- 
dent officer or a fire chief or chief of any 
emergency unit can direct his squads 
easily and quickly from a vantage point 
at the scene of disaster. 

The new emergency radio system is of 
direct use to many strategic centers and 


in.stallations in the community, such as 
hospitals, industrial plants, railroad yards, 
docks, bridges, and public utilities. Its 
importance to these points appears in the 
two following representative cases : 

1. Industrial plants. — Calls to an indus- 
trial plant give air-raid warning, advise 
the plant’s Defense Coordinator of latest 
developments during a raid, confirm calls 
for emergency units and indicate the help 
coming, and advise in the operation of 
the plant’s own emergency forces. Calls 
from an industrial plant summon emer- 
gency medical teams, rescue units, fire 
and police forces, demolition squads, and 
at need, decontamination units. Large 
industrial plants can use walkie-talkies to 
reach plant protection volunteers in out- 
lying sections of the plant or in separate 
buildings or defense posts. 

2. Hospitals. — It is crucial to know 
during a raid exactly what beds are avail- 
able and what operating rooms 
are free in the casualty 
receiving hospitals of a com- 
munity, and to direct casu- 
alties rapidly to available 
facilities. If telephones go 
out, the control center can 
still keep a complete picture 
of the hospital situation by 
WERS. By use of the new 
system, ambulances can be 
loaded and dispatched effec- 
tively because the control cen- 
ter is in communication both 
with hospitals and with the 
incident officers and incident 
medical officers. Mobile medi- 
cal teams can be directed 
from point to point without 
returning to their bases. If 
the hospital facilities of an 
area become overtaxed, the 
radio channel to the district 
headquarters can arrange for 
reinforcing hospital facilities. 

Not only in air raids but 
also in cases of civil disaster 
will WERS greatly benefit 
the community’s emergency 


forces. When flood menaces an indus- 
trial plant, when fire or hurricane spread 
damage, and break communications over 
a wide area, WERS and Civilian Defense 
units will give the same kind of help to 
fixed points in the community as de- 
scribed above. 

Under the plan recommended by the 
Oflice of Civilian Defense, blanket 
licenses are obtained from the Federal 
Communications Commission for all the 
Civilian Defense radio stations within one 
area of operations. Thus one WERS sys- 
stem covers a district warning area, and 
the equipment and operators of the en- 
tire district are available to any stricken 
community. This prevents “freezing,” for 
under law, operators in one separately 
licensed community cannot work in any 
other unless they bring equipment with 
them. 

L icenses are issued only to municipal 
or local governments, such a.s cities, 
towns, townships, or counties. They are 
not issued to police departments, fire de- 
partments, or Defense Councils as such. 
But while licenses are issued to local 
governments, the WERS system, when 
set up for Civilian Defense, must lie 
planned under authorization of the local 
Defense Council and with its guidance. 
In many cases the initiative comes from 
the Defense Council, but if not, local 
radio amateurs and professionals do and 
should take the initiative themselves. 
'Fhey know the community’s possibilities 
and needs in terms of radio better than 
anybody else, and are the ones, in any 
case, to whom the community must turn. 

When the Defense Council authorizes 
the setting up of a system, steps may be 
taken for obtaining a license The proper 
application forms can be obtained from 
the Federal Communications Commission 
in Washington, D. C. Federal Communi- 
cations Commission, Rules and Regula- 
tions, (Title 47 — Telecommunications — 
Chapter I), Part 15, gives all the neces- 
sary information on how to file for a 
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WERS License. This can also be ob- 
tained from the Federal Communications 
Commission. A Fact Sheet describing 
WERS advantages and operation may be 
requested from the Editorial Section, Of- 
fice of Civilian Defense, Washington, 
D. C 

The first WE)RS system in the country 
was established in Akron, Ohio. Imme- 
diately after Pearl Harbor, Akron’s 
Buckeye Short-Wave Radio Club held 
meetings and discussed future emergency 
operations. These discussions, of course, 
were well in advance of WERS authori- 
zation by the FCC, and so this alert 
group planned in terms of what the FCC 
might be expected to do. It was the con- 
sensus that the FCC would not permit 
a higher wavelength than lYi meters, so 
plans were made on that basis. The Ex- 
ecutive Council of the County Civilian 
Defense Corps was brought in on the 
plans and appointed the Club president, 
John A. Bailey, county representative of 
amateur radio operators. In December, 
1941, Bailey presented a report to the 
communications section of the Council 
that provided for a two-way system us- 
ing 16 transmitters of both the portable 
and fixed types. 

Getting Council approval, he went 
ahead by applying to the FCC for per- 
mission to set the system up and — assum- 
ing granting of the permission — starting 
Akron amateurs on the work of construc- 
tion. 

W HILE THEY workcd, the b'CC and the 
Defense Communications Board (now 
called the Board of War Communica- 
tions) authorized WERS and allocated 
it radio channels. As Akron had expected, 
the main band chosen was lYt meters 
(112-116 me.). Soon Akron received a 
WERS station license along with op- 
erator permits. The station call w'as 
WODF, and the first test of e(|uipnicnt 
was held when the Commander of the 
County Civilian Defense Corps called a 
test blackout. 

An interesting fact about the Akron 
system, which is increasingly typical of 
WERS systems, is that it is designed to 
tie in with WERS set-ups in nearby 
communities, such as Barberton, Cuya- 
hoga Falls, Medina, and Hudson 
Since that first set-up, important sys- 
tems have been developed in key sections 
throughout the country, particularly — as 
might be expected — along the costal areas 
and in large industrial communities. 
Along the Atlantic coast, Massachusetts 
and New Jersey lead in number of li- 
censes granted, having 19 each (these 
two states, in fact, lead the country). 
Pennsylvania has 12, with seven pending. 
New York has 12, Rhode Island, ten, 
Connecticut eight. Maryland has six 
counties licensed with most of the re- 
maining counties on the verge of getting 
licenses, and with a state WERS network 
about to go into operation. New York 
City and Philadelphia have leading 
WERS systems, New York leading the 
country and Philadelphia being licensed 
for 111 transmitters. In WERS systems, 
receivers equal or exceed the number of 
transmitters. 

On the West Coast, California has 


nine licenses with its main systems in 
Oakland, San Francisco, and Los An- 
geles, Washington has four, with systems 
m Tacoma, Everett, Olympia, and 
Spokane. Oregon has two. 

Texas has three. Michigan has four; 
Detroit, Lansing, Grand Rapids, and 
Center Line. 

The story of those actually liccn.sc(l, 
however, is not by any means an ac- 
curate picture of WERS development, 
because all over the country other sys- 



Woikie-Tatkie equipment is on in- 
tegrol port of WERS rodio equipment 


terns are in process of construction, 
with ecpiipmcnt being assembled and in- 
stalled and operators trained. 

Equipment is one of the main problems, 
yet theie is no question but that our 
country is in an ideal ^losition to solve 
any equipment shortage. Automobile 
radios are adaptable to 254 -meter con- 
version. Everywhere in the country are 
thousands of old radios, junked parts, 
and radio material scrap which in the 
hands of ingenious WERS construc- 
tionists can be reasse4nbled into usable 
sets. WERS volunteers themselves often 
donate this material. In addition, some 
communities put on radio scrap drives 
for the specific purpose of equipping 
WERS — attics and the back rooms of 
radio repair shops are ransacked for old 
sets and salvagable materials In many 
cases, factory discards and other material 
that seems defective or unusable is re- 
deemed through the ingenuity of WERS 
workers. 

The problem of obtaining personnel for 
setting up WERS systems is a very real 
one, and is taking on increasing impor- 
tance. Great as the contribution of ama- 
teurs has been, many communities do 
not have enough amateurs to do the job. 
In such communities, radio repairmen 
and broadcast station engineers and op- 
erators have stepped in, and in their 
leisure hours have given extremely im- 
portant help, help that should be men- 
tioned along with that of the amateurs. 
Broadcast station personnel, for example, 
have been able to borrow precision test 


equipment from their stations with which 
they check WERS equipment to sec that 
it fulfills FCC requirements. If the equip- 
ment needs adjustment, they make the 
adjustment required. They also are in a 
position to give invaluable constructional 
help and advice. In many instances, 
broadcast engineers and operators have 
been appointed Radio Aides and have 
organized and directed WERS work. 

Radio service men have been making 
an equally important contribution. They 
have been particularly generous in do- 
nating usable or salvagable materials for 
WERS — in many cases they have built 
full units for WERS in their own shops, 
and have opened their shops to other 
volunteer construction workers, giving 
them an ideal place in which to work. 
When the sets have been built, the radio 
service men have volunteered on a wi<lc 
scale for the equally necessary work of 
installation and maintenance. 

Mention should he made, finally, of 
the help given by High Schools, Techni- 
cal and Vocational Schools, and col- 
leges which in many parts of the coun- 
try arc offering their shops as work 
places for WERS. 

WERS is on its way. Although it is 
still only at the stage of initiation, it is 
developing rapidly a body of enthusiastic 
workers and a fund of invaluable ex- 
perience derived from the ingenuity, re- 
sourcefulness, and devotion of the ama- 
teur and professional radio personnel 
of the country. The imi)etus to setting up 
WERS comes both from the Civilian 
Defense organization and from these 
patriotic and informed radio people who 
see in WERS the great communications 
auxiliary it is, a channel of warning and 
co-ordination within the community and 
of emergency appeal outside in time of 
disaster No bomb can destroy more than 
a small fraction of WERS equipment, 
and any key point can be rapidly re- 
equipped The system is always there, 
it goes on effectively serving under all 
conditions. As WERS develops, America 
will he better prepared for all emer- 
gencies, whether of war origin or the 
recurring and now intensified castaslro- 
phes of civilian life. When full prepara- 
tions arc made, damage to life and prop- 
erty is minimized, and even, to a de- 
gree, the tin cat of enemy attack is less- 
ened, for the enemy is not tempted to 
attack well defended areas. 

• • • 

ELECTRIC “BRAIN” 

“Rfmimbirs” What Happens in 
a Rectifying Circuit 

PAPER and aluminum “brain” that 
memorizes surges of electric current and 
records them for the benefit of research 
engineers is making possible better elec- 
tronic tfM3ls for war production. Little 
bigger than a loaf of bread, the “mem- 
ory machine” was built by William E. 
Pakala, a research engineer at the West- 
inghouse Electric and Manufacturing 
Company. It was designed to help scien- 
tists study the Ignitron, an electronic de- 
vice that converts alternating current 
into the direct current required by alu- 
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minum and magnesium plants. Teamed 
with an oscillograph, which jots down 
on photographic film a record of the elec- 
tricity passing through a switch, motor, 
or electronic tube, the “brain” tells engi- 
neers exactly what happens inside the 
Ignitron. 

The Ignitron converts alternating elec- 
tric current to direct current that flows 



Adjusting o buttery of “bruins” 


in one direction only — just as a valve in 
a water line lets the water flow in only 
one direction, the engineer explains. 
When water begins to flow backward, the 
valve closes. And so an Ignitron refuses 
to let the electric current move back- 
ward. 

But infrequently an Ignitron will “arc- 
back,” like a valve that fails to close 
when the water flows backward, Mr 
Pakala says. There is no way to forecast 
when this undesirable “arc-back” will 
occur. 

Previously, engineers studied such elec- 
trical phenomena with the oscillograph. 
“But the oscillograph alone was unsatis- 
factory,” Mr. Pakala says, “because we 
never knew when the arc-back was com- 
ing and we couldn’t expose hundreds or 
perhaps thousands of feet of film while 
waiting for it. From a standstill the 
oscillograph could not go into action fast 
enough to get a picture of the arc-back, 
which lasts only 1/60 of a second. 

“Then I had the idea — why not put a 
machine between the Ignitron and the 
oscillograph that would remember what 
happened inside the Ignitron? Thi.s would 
give the oscillograph a chance to begin 
operating and then the memory machine 
would recite the message so it could be 
picked up and photographed.” 

To do this, Mr. Pakala converted an 
ordinary electric motor, not much bigger 
than the one on a washing machine. He 
stripped the copper wires from the re- 
volving part of the motor and replaced 
them with layers of aluminum foil and 
paper. These electric “reservoirs” can 
store an electric charge, then release it 
when they are tapped. 

Each capacitor was connected to one 
of the copper bars on the motor’s com- 
mutator and the whole memory machine 
was hitched to a real electric motor that 
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made the brain whirl at a steady speed. 

“A graphite brush rubbing against the 
memory machine’s revolving commutator 
takes electric current from the Ignitron 
and feeds it into each little reservoir 
as the memory machine spins around 
1800 times a minute,” Mr. Pakala ex- 
plained. 

“If the current shoots up for an instant, 
the reservoirs that pass the brush dur- 
ing that time receive a greater cliarge 
than the other capacitors on the whirling 
rim. 

“When the reservoir completes one 
revolution it is discharged by another 
brush rubbing against the commutator. 
This brush drains off each charge and 
leads it through a wire to the oscillograph 
which has already been set in motion by 
an electronic switch closed by the arc- 
back.” 

When it is turning 1800 times a minute, 
the brain “remembers” things for one- 
thirtieth of a second, long enough for the 
engineers to get an oscillograph picture 
of what happened just Ixdore, during, and 
after the arc-hack. 

As the brain turns faster, its memory 
becomes shoiter. But then it remembers 
more details of the surges or high volt- 
ages in the different parts of the Ignitrtni 
tube If it turns more slowly, its mem- 
ory is longer but it tells the oscillograph 
— and the engineers — fewer details. 

RADIO SEWING MACHINE 
Radio Curroiit RoplaoM 
Naadia and Thread 

RADIO sewing machine recently de- 
veloped has promise of becoming one of 
the new' radio-eicctronic machines of the 
post-war peiiod, when expansion of its 
use may be extended through wartime 
developments. 

Itustead of needle and thread, this 
machine uses radio-frequency current ; 
instead of woven cloth, it works on 
thermoplastics — the new synthetic mate- 
rials that are finding wide application in 
the making of raincoats and caps, weather 
balloons, and in the packaging of many 
types of food and oils. 

It “stitches” a thin, solid seam that 
is air and water tight, creating a bond 
that is stronger than the material itself. 
It does this simply and easily, thus prom- 
ising to overcome many fabrication dif-, 
ficulties involved in conventional process- 
ing methods as applied to thermoplastics. 

The radio sewing machine was created 
by RCA Laboratories to meet a definite 
need in the plastics industry. Thermo- 
plastics, tough resilient materials, can be 
rolle<l into large cloth-likc sheets, which 
makes them highly useful in any number 
of ways. When cut into patterns, the 
sections are usually put together by 
sewing with thread, by cementing, or 
by fusing with externally applied heat 
None of these methods has been found 
to be entirely satisfactory for mass pro- 
duction, although fusing by heat appears 
to be the most desirable method. But 
there are problems of maintaining uni- 
form temperature and of processing equip- 
ment becoming gummy and sticky. 

By generating heat inside (he matc- 


terial itself, RCA’s radio sewing machine 
eliminates these difficulties. This is what 
happens. The material to be sealed, or 
“sewed,” is fed across a table top through 
two small roller wheels which serve as 
the “needle.” The wheels have two func- 
tions: To pull the material along and to 
act as plates which set up a small elec- 
tromagnetic field of radio-frequency cur- 
rent As this current passes through the 
material, heat is generated by dielectric 
loss, or, in other words, by the struggle 
of the current to get through the closely 
packed molecules of matter which com- 
pose the material. The heat causes ther- 
moplastics to fuse, or weld, in a tight 
bond. 

Somewhat similar in appearance and 
operation to the conventional sewing 
machine, the radio device derives its 



A thin, solid seam is “stitched” in 
plostic by the radio sewing machine 


current from a low-power radio-electronic 
oscillator. A small electric motor drives 
(he roller wheels Controls are in a foot 
pedal. Ordinary alternating current of 
110 volts supplies the power. 

Laboratory tests, according to RCA, 
have revealed that the radio machine 
IS an effective instrument for tlie han- 
dling of such thermoplastics as vinylite, 
koroseal, and pliofilm. All three of these 
materials are being used in a widening 
field of practical applications. 

COFFEE SHIPMENT 
Expedited by Opening of 
New Bridge 

T HE NEW railroad bridge over the Suchi- 
ate River between Mexico and Guatemala 
has opened a land route for the shipment 
of coffee to the United States from Cen- 
tral America., 

In the first two months of the operation 
of the new bridge, according to figures 
from the Mexican Government Railway 
System, more than 60,000 bags of coffee 
(154 pounds each) originating in Guate- 
mala and destined for the United States 
were handled by the overland route. 

This is only a small fraction of the 
enormous consumption in the United 
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States, but shipping of coffee over the 
Mexican railways illustrates how the 
Americas are seeking to solve the war- 
time shipping shortage which has curtailed 
imports of coffee from Brazil and other 
distant sources which are without rail 
connections with the United States. 

To facilitate overland traffic from Cen- 
tral America to the United States via the 
Mexican railways, the Suchiate Bridge 
was rushed to completion last year as 
wartime shipping shortages restricted 
inter- American trade. Mexican railways 
today are being called upon to handle an 
increasing flow of minerals and other 
strategic materials from Mexico into the 
United States. This movement is expected 
to increase sharply this year and thus 
may crowd out extensive shipment of 
coffee and other non-war commodities 
from Central America. 

The new bridge makes overland transit 
between Mexico City and fiuateinala 
practicable in 48 hours. Prior to con- 
struction of the bridge, railway freight 
had to be unloaded on the banks of the 
border river and ferried across 

The Suchiate Bridge is counted on as 
a substantial aid to facilitate movement 
of supplies into Guatemala, El Salvador, 
and other Central American countries, 
while proving a boon to northward move- 
ment of their conimcKlitics to United 
States markets. 

WAR LIQHTINQ TOOLS 
Will Find Numtrout 
Peaon-TImt Applloations 

Lit. HUNG techniques now being devel- 
oped essentially for military needs are 
due to play an important part in post-war 
reconstruction and peacetime living, ac- 
cording to Samuel G. Hibben, lighting 
authority. He says that most of the lamps 
for tomorrow’s lighting jobs “are ready 
to graduate from the research laboratories 
and battlefronts onto the retail counters 

“If we arc to achieve our national 
destiny as the center of cultural living 
as well as of democracy,” he declares, 
“we should begin by using all of the 
amazing lighting tools that science is 
now placing at our disposal.” 

Pointing out that those who have ex- 
perienced blackouts and dimouts have 
had the discomforts and dangers of 
darkness strongly impressed upon their 
minds, Mr. Hibben says that for the 
first time in their lives, perhaps, they 
have l)ecomc “light conscious.” “When 
the war is over,” he continues, “there will 
undoubtedly be a decided reaction from 
these conditions as evidenced by a much 
greater use of good lighting and new^ 
lighting methods, first as an expression 
of freedom and cheerfulness and later as 
a means to greater health, safety, and 
efficiency. 

“We now have a civilian army of some 
20,000,000 factory soldiers, more than 
half of whom are dependent upon arti- 
ficial lighting during the major part of 
their working hours. 

“The millions of fluorescent lamps now 
producing artificial daylight in the na- 
tion's war plants have ilernonstratrd so 
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thoroughly to war workers tlie benefits 
of comfortable vision that I doubt very 
much if they will be content to live in 
ill-lighted homes when the war is over” 

As an example of the part to be played 
by lamps in guarding the nation’s health, 
Mr. Hibben cites one product of West- 
inghousc research laboratories — an ultra- 
violet lamp which destroys germs and 
prevents cross-infection. “This Steri- 
lamp,” he says, “is on its way to becom- 
ing a regular part of the air-purifying 
systems in schools and public places 
where it can reduce infectiou.s diseases 
Before long it may be commonly em- 
ployed in our homes.” 

Among the other peacetime applica- 


tions of lighting developments, Mr. Hib- 
ben forecasts “controlled weather condi- 
tions,” explaining : 

“The compact lamp that radiates infra- 
red or radiant heat now is being used 
to dry the painted surface of a military 
tank in three minutes and to do a similar 
job on plastic helmet liners for the Army. 
After the war this same lamp may pro- 
vide ‘good weather’ by casting its arti- 
ficial beams on our plants and vegetable 
gardens. As a substitute for the sun in 
this capacity it could do a creditable job. 

“Experience gained during the black- 
outs and dimouts will result in vastly 
improved street lighting. Uncomfortable 
glare will become a thing of the past 



“Dear Mom ... I never felt better in my life” 


ISN’T it wonderful to get a 
letter like that from your 
boy wherever he is . . . 

Ireland, Australia, 
or a camp in the U. S. A. 

Remember how you used to worry 
about his health when be was a little 
fellow . . . how secure you felt in the 
house on Greene Street because it was 
just around the corner from Doc Brown’s? 

Right now your boy is getting the finest 
medical care in the world. No matter 
where he is, he’s never farther than “just 
around the corner” from an array doctor 
. . . and a mighty good doctor he is, too. 

That doctor, as all American doctors 
are, is armed with the knowledge that 
has grown out of advanced microscopical 
research . . . research that was made 
possible by Bausch & Lomb's introduc- 
tion to the world of quantity production 
of quality microscopes. 


Today, in every field hospital, and in 
every base hospital a microscope stands 
ready to aid your boy’s doc'tors ... to 
ferret out the enemy that hides in the 
water and the air and the insect’s sting 
. . . to aid in the diagnosis of disease. 

And out on the battle lines, as on 
industrial fronts, Bausch Sc Lomb Instru- 
ments are creating winning standards of 
precision, in your homes, schools and 
shops, modern eyewear, as prescribed 
and fitted by men who have made the 
study of human vision a life’s work, serves 
the eyes of a working America. 
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since it is possible to have good lighting 
without it. 

‘‘Interest in new achievements should 
also bring into wide use the invisible 
ultra-violet rays known as ‘black light.’ 
Today this light enables aviators and sub- 
marine crews to sec the fluorescent in- 
strument dials which glow when struck 
by ultra-violet. Tomorrow, home wall 
decorations painted in luminescent colors, 
will glow brilliantly when activated by 
this same ‘black light.*” 

ALL ANCIENT 
Nambft Booktf Pa|it^ 

PtRAiU in Analtnt China 

Books with bamboo pages resembling a 
hammock of wooden slats, were widely 
used in ancient China 14 centuries before 
Christ, according to Dr. Arthur W. Hum- 
mel, curator of Orientalia at the Library 
of Congress, Washington, D. C. 

These early books apparently were 
similar to later books written on narrow 
strips of bamboo wood, some almost two 
feet in length. These strips were laid side 
by side and bound together by cords at 
the top and bottom. The writing probably 
was done in ink with small hand brushes. 

The narrow wooden strips suggest ver- 
tical rather than horizontal writing and 
this probably explains why the Chinese 
have always written in vertical columns. 

Paper was invented about 100 A.D. by 
Ts’ai Lun. 

The lead pencil was used for making 
notes in classrooms as early as the 2nd 
Century, A.D., and probably was invented 
earlier. 

*‘BIQ-INCH” WELOINQ 
SfiHdt Conttrvetion nf 
Lnrgntt Oil Lina 

\A^ei.din(. operations used in construct- 
ing the “Big Inch,” largest oil line ever 
built, are speeding up construction 
through all kinds of terrain. 

The line, which has a capacity of 300,- 
000 barrels of oil per day and is made of 
24-inch seamless pipe of 4i-inch wall 
thickness, runs from Longview, Texas, 
to Norris City, Illinois, and is being ex- 
tended to the Atlantic seaboard. 


MISCELLANY 

After a section of pipe has been 
brought up to the end of the line, and 
pulled into position by tractors, men 
of the tie-in crew stand on the pipe 
to bring the ends into alignment. Then 
the tacking crews of the firing-line gang 
go to work. The pipes, mounted on dol- 
lies, are lined up, clamped, and tack 
welded ready for the roll welders, who 
complete the job of the tackers and join 
lengths of pipe into one section. First 



Along tht ”6ig Inch.” Upper left: 

Men of the tie-in crew stond on pipe 
to bring the ends into line. Above: 
Lining up ond clomping o section of 
pipe to the end of the line. Below: 

Putting the lost poss of o roll weld 

on one section of the ”Big Inch” 

llluttrofiont court«ty Lincoin EUctric Company 



pass is made with 3/16-inch “Fleetweld 
5” electrodes at 200 amperes. Second 
pass is made with 1 /4-inch electrodes 
with 325 amperes. Third pass is made 
with 5/16-inch rods with 375 to 400 am^ 
peres. When completed, the weld is 
“penny wide” and “nickel high.” Each 
roll welder marks his weld with a stencil. 
Careful inspection discloses any pin holes 
and these are rewelded by the roll welder 
before he leaves that section of pipe. 

OIL BOOKB 

Now Olaotiflod to AM 
tho Hint for Pofrolonm 

Through finding the essential micro- 
scopic characteristics of various types of 
rocks, Dr. Paul D. Kryninc, assistant 
professor of petrology and sedimentation 
at the Pennsylvania State College, has 
been able to formulate a classification 
of sedimentary rocks, based on their 
evolution, which it is believed may be of 


value in discovering new oil fields. Where 
a particular rock or sand fits into the 
classification indicates where and what 
type of oil may probably be found. 

This is the first systematic petrographic 
cla.ssification of sedimentary rocks ever 
made, though igneous rocks have long 
been classified. 

The characteristic composition and tex- 
ture of the rock is intimately related to 
the movement of the earth’s crust many 
million years ago. Dr. Kryninc believes. 
The texture or appearance as well as the 
chemical and mineral composition of dif- 
ferent sand types indicate the geologic 
changes they have been through in the 
earth’s evolution. 

Oil in California comes from sand or 
rock reservoirs produced during moun- 
tain-making motions of the earth. 
Through the microscope the pattern of 
these rocks looks different from the oil 
bearing sands of the eastern United 
States and most of the Gulf coast, which 
have been formed during milder motions 
of the earth. When the earth is relatively 
quiet, a third type of rock is formed 
which becomes the reservoir from wlmh 
the oil of most of the mid-continent and 
cast Texas is derived. 

Since most of the so-called “anticline” 
fields in the United States have now 
been discovered, the future of oil pro- 
duction rests on finding new fields, or 
on stepping up the production of the 
fields now in use. It is believed that 
Dr. Krynine’s classification may be an 
important factor in the discovery of new 
fields. With the scientist's blueprint to 
guide him, the engineer can drill with 

greater assurance of finding oil. 

• • • 

CURVATURE— The octuol curvature of the 

earth for ony distance can bt worked 

out simply by mulliplying the squore of 
the distonce in miles by .67 ond the answer 
— in feet — tells how for the earth has 

“curved under” ot that point. Ten miles from 
the point where an observer is stonding, 
for exomple, the surfoce of the eorth is 
octuolly 67 feet "lower” then the observer. 

• • • 

FLEXIBLE TUBING 
Made of Plattle as 
Bobber Beplaeement 

P LA STIC tubing w'ith all the flexibility 
of rubber and adapted especially for use 
in breweries and creameries is now being 
produced from materials far lower on 
the critical list than rubber, thus making 
it available for a wide range of purposes 
for which manufacture of rubber tubing 
is prohibited under present conditions. 

Exhaustive tests which Goodyear Tire 
and Rubber Company made of its new 
plastic tubing before announcing its avail- 
ability disclosed that it has practically the 
same resistance as rubber tubing to ex- 
tremes of temperature. 

In addition, it is stated that the new 
plastic tubing will resist pressures up to 
40 pounds per inch when unbraided — 
approximately the same strength as rub- 
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bcr tubing — and up to more than 200 
IK)unds per square inch when braided. 

Unbraidcd, Goodyear’s new plastic tub- 
ing is transparent to disclose immediate- 
ly any obstructions which might occur. 
It also can be produced in an opaque 
finish or in colors. Tests likewise have 
shown that the new plastic tubing in some 
applications is less prone to pick up odors 
than rubber tubing. 

POWDER METALLURGY 
Rgund-Ufi tf Inpgrtant 
IndHStrlal Faottrt 

The subcommittee on Powder Metal- 
lurgy of the American Society for Metals 
defines powder metallurgy as follows : 
“Powder Metallurgy is the art of pro- 
ducing metal powders and shaped objects 
from individual, mixed, or alloyed metal 
powders, with or without the inclusion 
of non-metallic constituents, by pressing 
or forming objects which are simultane- 
ously or subsequently heated to produce 
a coalesced, sintered, alloyed, brazed, or 
welded mass, characterized by the absence 
of fusion, or the fusion of a minor com- 
IMincnt only.** 

While the art of using metal powders 
goes back hundreds of years n.c., powder 
metallurgy as we now know it obtained 
a large-scale commercial application as 
soon as tungsten became the useful metal 
for electric lamps. 

The melting iioint of tungsten is so 
high that it is uneconomical, if not im- 
possible (due to the absence of suitable 
refractories), to melt and refine the metal 
by orthodox methods ; hence tungsten was 
prei^red by the reduction of the finely 
divided tungstic oxides in the solid state. 
This reduction left tungsten as a powder 
which was compressed originally by the 
use of binders (later without binders), 
sintered, and subsequently after going 
through various steps of preparation, 
drawn to the fine wire now familiar to 
all. 

The same procedure of reducing the 
oxides to metal in the solid state, par- 
ticularly with a gaseous reducing agent, 
has been adopted for a large portion of 
the metal powders now used; but elec- 
trolysis and atomization are other methods 
also used. Iron and copper powders are 
produced by reduction of the oxide by the 
use of hydrogen, coal, gas, or by elec- 
trolysis. The light metal powders, such 
as aluminum powders, are produced by 
atomizing ; so also, generally, are lead 
and tin. 

In preparing either the straight metal 
powder or the alloy powders, the .features 
which should be most carefully watched 
arc purity of the metals and the shape 
of the metal particles. Only clean sur- 
faces of the metal particles will give a 
continuous cohesive surface in compres- 
sion, thus assuring subsequent strength 
in the finished part. 

The shape of the particles of metal 
powder should be angular, not globular, 
as globular powders do not compress 
well, though for certain applications, such 
as filters, globular powders may be used 
advantageously. Globular powders com- 


pact without pressure and, therefore, do 
not lend themselves well for parts which 
have intricate configurations. Angular 
particles will deform under pressure, in- 
terlock, and give strength of cohesion 
to the compact sufficient to permit han- 
dling of the compacted piece even before 
sintering. Where clean surfaces of the 
powder particles arc assured, the heat 
created by pressure and friction is suf- 
ficient to create a molecular weld. 

Metal powders are available of prac- 
tically all known metals, but in addition 
a number of prc-alloycd powders such as 
brass powder, bronze powder, and ferro- 
alloy powders, have been produced. In 
the case of some of the age-hardening 
alloys, however, it has l)een determined 
that these alloys are best created during 
the process of sintering. The age-hard- 
ened powders are generally too hard to 
compact easily, and even when they do 
compact, the resulting part is generally 
brittle and of low physical properties ; 
whereas if the compact is formed from the 


copper, aluminum, magnesium or in the 
case of ferrous metals, iron, nickel, or 
chrome, the metals can be annealed be- 
fore compression and the softness of the 
powders allows excellent compression 
conditions. The alloys are then formed 
during the sintering operation. 

The next step of importance is the 
mixing of the powders, their compression 
in dies, and subsequent sintering. Since 
compounds of from two to six different 
metals arc frequently required, it is im- 
portant not to mix light and heavy metals 
as they will tend to segregate and will not 
compact into a homogenous mixture. 
Even if the mixing or blending of tlie dif- 
ferent metals takes place immediately 
prior to their use, the mixing must con- 
tinue from a few hours to 24 hours or 
longer — depending upon the nature of the 
mixture— to insure an absolutely even dis- 
tribution of the various particles. 

Pressures to form a compact vary 
from a few tons to a hundred tons per 
square inch and of late Dr. Clarence W. 
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A hpipful handbook on the 
operation and care of en- 
gine lathes. Contains 128 
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Back of the planes and tanks and guns that are flowing in ever- 
increasing quantities to our fighting forces is a skillfully coordinated 
plan of men and machines — a combination of skill, ingenuity and 
mechanical perfection that is going to win. 

Accuracy is the key to the success of this great plan. Without the 
split-thousandth tolerances that assure perfect interchangeability of 
parts, the production goals could not be attained— and not enough 
planes and tanks and guns would reach the battle fronts. 

Capable of fulfilling the demands of urgent war production. South 
Bend Lathes have the accuracy and speed for the most exacting 
precision operations, plus ruggedness and power for efficient service. 

South Bend Lathes are made with 9', 10^ 13", 14H", and 16" swings 
in both Quick Change Gear and Toolroom models. Practical attach- 
ments are available for special classes of work. 

SOUTH BEND LATHE WORKS 
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The Gorond rifle sighting equipment, with sight projectors roised 


Balke of Fansteel Metallurgical Corpora- 
tion has increased his pressure to 160 
tons per square inch to obtain high •physi- 
cal properties in iron parts recently pre- 
pared. The selection of the desired pres- 
sure is governed entirely by the physicals 
expected in the finished part, how close 
such part is to come to the full density 
of the metal, or alloy made by orthodox 
methods, or how much porosity is ex- 
pected. 

The advantages of powder metallurgy 
lie in the fact that production can be 
assured at a very rapid pace, and to very 
close tolerances, eliminating practically 
all need for machining and subsequent 
loss of raw material. 

• • • 

LAMINATED — ^To preserve ond protect the 

huge lominoted arches and beams used in 
oirplane hongars, recreotion centers, ond so 
on, some manufacturers are now dipping 
them in tonks contoining synthetic resin 
preservative ond sealer before erecting them 
on the job. 

• • • 

GLASS TANKS 

Now Midi of Hoot- and 

Chomiool-RooUtint Shoots 

Glass tanks for industrial or commer- 
cial applications requiring a non-corrosive, 
shock-resisting material, and using a 
minimum of critical material have been de- 
veloped by the Pittsburgh Plate Glass 
Company, They are not just glass lined, 
but are actually tanks made of glass, made 
by building up the required shape and size 
of heavy tempered glass plates. The result 
is a rigid, pennanent, sturdy tank, free 
from maintenance or wear. 

Mills, factories, plants have heretofore 
experienced difijculty in holding acids or 
chemicals In tanks that would at the same 


time be free from attack. The new glass 
tanks, eliminate practically all the former 
difficulties. 

The new method of heat treating gives 
to the tank material a physical strength 
four to five times greater than ordinary 
glass. Furthermore, the glass has a high 
resistance to thermal shock. It will with- 
stand continuous operating temperatures 
of 650 degrees, Fahrenheit, and an in- 
stai\taneous thermal shock of 400 to 500 
degrees. 

The joining problem is comparatively 
simple since the glass is made in large 
sheets ; on all tanks of medium size noth- 
ing but the corners are involved. All 
joints are accurately ground so that they 
resemble, in a sense, the ground stopper 
of a chemist’s bottle. In addition, use is 
made of a joining material developed 
especially for this purpose. The entire 
tank is usually surrounded by a wooden 
frame work filled with a compound. This 
frame serves both as insurance against 
leaks and as protection against severe 
physical blows. 

Tanks of glass have already proved 
their ability to take it and continue to 
give service in one of the most severe of 
all tank applications — pickling tanks for 
steel and other metals. Their successful 
initiation here has caused a demand for 
them in other industries, such as the rub- 
ber, synthetic rubber, chemical, textile, 
paper, photographic, electroplating, and 
many other fields. 

RIFLE SIGHTING 
Dont With Mlrrori, Sivu 
TImg and AMmanHIan 

P RECisiON sighting of Garand semi- 
automatic rifles in quantity production 
for the United States Armed Forces can 
now be done with mirrors and without 
firing a shot, through the use of new 


equipment developed by the General 
Electric Company. 

Officially known as an “Optical Rifle 
Sighting Gage,” the equipment will save 
up to 13 rounds of ammunition formerly 
used in sighting each gun, and will per- 
mit a girl to do the job in less than two 
minutes per rifle — about half the time 
it took two men by the old method. 
Moreover, the optical equipment re- 
quires less room than the average dom- 
estic kitchen, whereas sighting by firing 
requires a 100-yard rifle range. 

When sighted by the optical gage, 
all the rifle “fires” is a light ray at a 
mirrored taget approximately six feet in 
front of it. The ray is caught by another 
mirror on the gage equipment at the 
operator’s eye level and is thrown onto 
a ground-glass screen in the image of 
a cross. Superimposing this image upon 
another cross on the ground glass cor- 
rectly positions the rifle, and the gun is 
then sighted by adjusting its rear sight 
so that its shadow, magnified 25 times on 
the screen of a projector directly above 
it, is in the same relative position as 
the shadow of the front sight, similarly 
magnified on another projector above it. 

Although the optical sighting gage was 
built specially for the Garand rifle, 
it can be adapted to sight other types of 
rifles. 

What the gage actually does is to trans- 
fer the sight setting from a “master” 
rifle, correctly sighted by firing, to rifles 
subsequently sighted in the equipment. 



Inserting the Gorond bore plug 


The gage is set for accurate use by plac- 
ing the master rifle in it, and adjusting 
the equipment to conform to the bore 
direction and sight positions of the mas- 
ter rifle. When other rifles placed in the 
gage are aligned with the target optical 
system, and their sights moved to the 
proper position as designated by the 
sight projectors, they are given the line- 
of-sight to line-of-borc relationship es- 
tablished by the master rifle. 

The target optical system consists of 
a light source and condensing lens, a 
cross-shaped aperture, a concave mirror 
mounted on the end of a four-inch bore 
plug, an adjustable mirror mounted above 
the tight source, and a mirror and ground 
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glass screen on the main fixture. The 
light bulb, lens, aperture, and adjustable 
mirror are contained hi the separate target 
unit which is mounted approximately six 
feet in front of the main fixture and 
facing it. 

'rhe concave mirror is mounted on a 
bore plug. The plug is inserted in the 
muzzle of the rifle for each sighting, its 
mirror facing the separate target unit. 

Light leaves the bulb in the target unit, 
passes through the lens and the aper- 
ture, and is focused on the concave mir- 
ror on the plug in the shape of the bulb 
filament. It reflects to the adjustable 
mirror mounted alxive the bulb in the 
target unit, and then back to the mirror 
on the main fixture which throws the 
cross image on the viewing screen. 
Focal length of the concave mirror on the 
plug is such that it focuses the image 
of the cross aperture on the screen 

The two sight projectors ate optical 
systems designed to magnify the images 
of the sights approximately 25 times and 
focus them on viewing screens. They are 
mounted on separate arms so that they 
may he lifted to permit inserting and 
removing the rifle The two arms rotate 
about a common shaft, and are raised by 
a handle attached to the shaft The arms 
and projectors arc held in the up position 
by an automatic latch. Each projector 
has a dash pot which prevents it fioni 
being jaried when dropped into position, 
and individual stops to limit the down- 
watd position. 

• • • 

EXPLOSIVE — Cyclonite, o new explosive for 

bombs ond shells, explodes even faster 
thon TNT. 

• • • 

FATTY ACIDS 
Hold Promiso for New 
Industrial Synthotios 

NEW family of synthetics using fats 
as a basis is predicted by Dr. A. W Kal~ 
ston in “Chemical and Engineering 
News," the available supply of these fats 
m vegetable, animal, and mat me life being 
essentially unlimited. 

“A study of the structures of various 
fatty acids combined with a realization 
of their ready availability shows that they 
present an exceptional opportunity for 
synthetic work,” Dr. Ralston says Fats 
are one of the greatest sources of com- 
pounds for chemical synthesis known to 
mankind. It is now' clearly apparent that 
many of the compounds which can he 
synthesized from fatty acids are destined 
to become important chemicals in the fu- 
ture. 

Fats are comparatively simple com- i 
pounds, which are stiucturally similar 
and which can be easily separated into 
their major components — glycerol and 
fatty acids. Many of the fatty acids can 
now either be separted from one another 
or can be segregated into groups of acids 
which possess similar chemical properties 

“The glycerol part amounts to about 
5 percent of the weight of most fats so 


that the fatty acids comprise by far the 
greater portion of the fatty molecule,” 
Dr. Ralston continues. “Glycerol is a 
compound for which many uses have been 
found, both in peace and in war. The prob- 
lem of chemicals from fats, therefore, 
IS centered about the major component, 
the fatty acids. , . . 

“keccntly, quite a number ot fatty and 
derivatives have been developed, sonic of 
which arc now available commercially 
They can be roughly divided into tw<j 
classes. The first comprises the simple 
derivatives in which the hydrocarbon 
group retains its identity, and the second, 


those in which tliis group is a part of a 
very complex molecule. 

“Examples of the simple derivatives are 
the alcohols, aldehydes, acid chlorides, 
ketones, esters, amides, nitriles, amines, 
and the many comixiuiuls which can be 
prepared from them. The complex deriva- 
tives arc represented by plastics, polymers, 
Llastonicrs, and similar substances. 

“ \mi(les are formed by the removal of 
one molecule of water from an ammonium 
soap They are relatively high-melting 
.solids which are useful as waterproofing 
agents, protective coatings, and chemical 
intermediates. The amines and their salts 
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A home, a headquarters, a stopping-oflF place 
...The Waldorf-Astoria serves duration living 
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have an ever-increasing number of indus- 
trial applications. They have been found 
to be useful in many fields such as flota- 
tion, water treatment, and textile finish- 
ing. They are strongly adsorbed upon 
glass, pigments, silicates, clays, limes and 
metals and decidedly modify the surface 
properties of such substances. 

“The amines possess bactericidal prop- 
erties and certain of them act as insecti- 
cides. They arc the starting point for 
many types of derivatives of commercial 
interest. We can easily visualize that the 
nitrogen derivatives of the fatty acids pre- 
sent a field for investigation which can 
well occupy the attention of chemists for 
many years to come.” 

SILVER BEARINGS 
PliNiii SpuM Up by 
Potassium Cyanido 

In the production of silver-plated l)ear- 
ings for airplane motors, the rate of plat- 
ing is more than trebled by use of potas- 
sium cyanide, formerly imported from 
Kurope but now made in this country by 
the Klectrothemicak Department of K. I. 
du Pont de Nemours & Company. 

Literally tons of .silver are used eaeli 
week in tlie fabrication of bearings wluch 
will withstand the high loads and terrific 
speeds demanded in modern wartime op- 
erations. According to some authorities, 
air speeds would be reduced as much as 
75 miles an hour and loads would be cut 
.substantially if silver-plated bearings weie 
not available. 

Potassium salts now are recovered by 
re-crystallization from vast salt deposits 
in desert areas of California These salts 
provide the basic material from which 
potassium cyanide is manufactured. In an 
electroplating bath, potassium cyanide not 
only increases the rate at which .silver 
plate is deposited on the motor bearings, 
but also gives required heavier coatings 
that are smooth, firmly adherent, fine 
grained, and easily machined or burnished. 
Coatings of silver deposited on the bear- 
ings, some of which are three to four 
inches in diameter, range from three to 
five one-hundredths of an inch in thick- 
ness, whereas silver electro-deposits us- 
ually are measured in thousandths of an 
inch. 

• • • 

SHAMPOO — First-oid kift on mony Amtricon 

ships now include o supply of o liquid 
soopless shompoo. Experiments hove shown 
thot the shompoo is of volue in removing 
fuel oil ond similor substonces from soilors 
rescued ot sea. 

• • • 

SILVER BUS BARS 
Conduet Eloetriolty in 
Ntw Magnitlnni Plant 

Electric current flowing through huge 
bus bars of solid silver recently brought 
another great magnesium plant into pro- 
duction; when Dow Magnesium Corpora- 
tion poured its first metal in the fifth 
Dow-process plant built by The Austin 
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Stortcr cobles to the silver bors 


Company for the Defense Plant Corpora- 
tion, to meet the wartime demand for 
this lightest of all structural metals 
The silver almost completely replaces 
copper in the power distribution lines 
required for large-scale production of 
magnesium, and was loaned by the gov- 
ernment for this use to release copper for 
shells, ordnance equipment, and other 
war needs. The silver is even more efli- 
cient as a conductor of electricity but 
would not normally be used because of its 
excessive cost. 

• • • 

PESTS— Millions of fwo-ounco cons of body 
dusting powder for tho U. S. Army protect 
ovorsoos personnel ogoinst typhus-corrying 
pests. 


• • • 

EMERGENCY LIGHT 
Turns on Automitloilly 
When Power Fails 

Reoitiring no fixtures or wiring other 
than plug-in connections to the a c. sup- 
ply, a new emergency lighting unit has 
been designed to meet the need for a 
source of emergency light in war plants, 
arsenals, ordnance plants, shipyards, fac- 
tories, and other places where war-time 
activity has increased the potential 
dangers resulting from power-line fail- 
ure, fires, and sabotage. It throws a beam 
of light SO feet wide a distance of 150 to 
200 feet, covering an area of 7500 square 
feet. 

With power lines loaded to capacity, 
plant feeders are in many cases over- 
loaded, needing only a slight upsetting 
load condition to produce a lighting fail- 
ure. When the lights go out and machin- 
ery continues to run on momentum, the 
Exidc Lightguard, by automatically 
switching on a broad beam of light, helps 
to reduce the accident hazard, particu- 
larly in those plants where men and 
women unfamiliar with machinery are 
working. It is especially useful in win- 
dowless plants, many of which have been 
built recently. 

The Exide Lightguard has beeq de- 
signed for use where workers are . em- 



Taking the Jeeps 



over the JumpsI 


TDRODIGIOUS juin][>ers that they are, 
• - our fighting Jeeps still can’t jump broad 
rivers. So the Army’s resourceful Engi- 
neers find still another job for their Evin- 
rudes! Huge rubber rafts are bridged in 
tandem , . , Jeeps and tr(x>ps are loaded 
aboard . • . husky Evinrudes sing their 
deep -throated song of power . . , and 
quickly the Jeeps are over another jump! 

Giving a lift to the leaping Jeeps is but 
one of many wartime jobs which Evin- 
rudes are performing today. For Evinrudes 
are enlisted for the duration ... in the 
Army, the Navy, the Marine Corps. Great 
Evinrude**Fours” power swift assault craft, 
landing boats and lighters. Evinrudes help 
build bridges, ferry supplies, troops, equi|v 


ment. Mountbatten’s famed Commandos 
know their power, rugged reliability and 
trigger-quick starting ease. 

All the experience gained in 33 years of 
building fine outboards is centered on our 
assignment to build Evinrudes for the 
armed services. Knowledge of some of the 
tasks tliesc motors must perform is an 
ever-pressing incentive to build them finer 
. . . and still finer! After Victory, there 
will again be Evinrudes for all who love the 
water . . . sparkling new Evinrudes whose 
performance will ably reflect many advance- 
ments achieved in their fighting forebears! 

EVINRUDE MOTORS, Milwoukt, W/tcons/n 

Bvinrudp Motors of Canada, Pptprhoro, Canada 


EVINRUBE 

OUTBOARD MOTORS 



A" Invest in Amerieof Evory War 
Stomp you buy helps speed Victory, 
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GIRL MAKES PARTS 



BENDERS— Dl-Aero BMer bmda antlt, 

channel, rod. tubing, wire, moulding, strip 
stock, etc . 2 sisea Capacity up to 
cold rolled steel bar 


NO DIES - NO DELAYS 

**Beat The Promise” on delivery this new way; Use The 
DI-ACRO System of ”Metal Duplicating Without Dies” 
— and have parts finished before dies could hardly be 
started, 

DI-AORO Machines — Shears, Brakes. Benders — are 
precision-built STANDARDIZED units so designed you 
can readily convert them Into highly SPECIALTZED 
productive machines suited to your own particular 
needs. You may adjust, alter or remove any of the 
original contact surfaces, attach operating clamps, 
guides and gauges, or quickly set up your own forming 
surfaces or conversions Either rlgnt or left hand op- 
eration and mounting of each unit. The reeult is a 
practically unlimited adaptability for a great variety 
of DlE-tiBSS DUPUOATTNO 

Write for catalog 
”Neial Duplicating Without Dies”. 


nfWL-miin 




347 Eighth Ave. So. 


0- iiJFf.. i:ii 


MINHEAPOIIS, MINN 
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KNOWLEDGE 
THAT HAS 
ENDURED WITH 
THE PYRAMIDS 



A5ECI 
FOR THE 
OP LIFE 

\WHENCB oime the knowledge i 
™ built the Pyramids? Where did 
the first builders in the Nile Valley acquire 
their astounding wisdom that started man 
on his upward climb? Did their knowledge 
come from a race now submerged beneath 
the sea? From what concealed source came 
the wisdom that produced such characters 
as Amenhotep IV, Leonardo da Vinci, Isaac 
Newton, and a host of others? 

Today it is known that they discovered 
and used certain Secret Methods for the 
development of their inner power of mind. 
They truly learned to master life. This 
secret art of living has been preserved and 
handed down throughout the ages and to> 
day is extended to those who dare use its 
profound principles to meet and solve the 
problems of life in these complex times. 

This Sealed Book — FREE 

The Rosicrucians (not a religious organi- 
zation) have prepared an unusual book, 
which will be sent free to sincere inquirers, 
in which the method of receiving these 
principles and natural laws is explained. 
Write today for your copy of this 
sealed book. Possibly it will be the 
firjpt step whereby you can accom- 
^ plish many of your secret ambitions 
, and the building of personal 
achievements. Address your in- 
quiry to: Scribe X.D.K. 



The ROSICRUCIANS 

( AMORC) 

San Jose, California 


PURPLE X LAMPS 


For all Ultra Violet and 
Flnoreocent Experiments 
Ideal for testing instrument 
dials treated with luminous 

f ialnt Needs no auxiliary 

ransformer or glass filter 

Remit with order Sent ex- 
press charges collect only 


$ 1-25 

Again ayallable at 

ImAZDA ii«v 

I Medium Screw 
I Base 


HARRY ROSS 


Scientific & Laboratory Apparatus 
68-70 West Broadway, N Y. C 


ESSDl MACHIIVE WORKS 

e$t. 1930 

PRODUCING FOR 

ORDNANCE— MARITIME 
SIGNAL CORPS— LEND LEASE 

Essex Conn^efleut 
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ployed at night on machines, particularly 
in crowded spaces; for emergency light- 
ing at control equipment, electrical or 
mechanical, such as power switchboards, 
telephone switchboards, pumps and 
valves; in boiler and engine rooms for 
reading gages and operating valves; in 
plant gate houses, entrance and exit lo-^ 
cations, first-aid stations, and dispensaries.' 

Because it is a self-contained unit 
weighing only 47 iM>iinds, this new light 



For use when power foils 


can easily be moved from its customary 
position during a fire, accident, explosion 
or air-raid, for use in rescue work. 

The new unit operates instantly and 
automatically without a band touching a 
switch. The only maintenance required is 
the occasional adding of water to the stor- 
age cells. Recharging is done automati- 
cally by trickle charge, state of charge 
being clearly indicated by pilot balls 

ENQIHEERINQ WILL WIN 
By Making Best Use ef 
Skill and Materials 

Oecause of the importance of making 
the fullest possible use of available re- 
sources, the side with the best engineer- 
ing will win the war, according to L, A 
Umansky, Assistant Manager of General 
Electric’s Industrial Engineering Depart- 
ment. 

“I'he real meaning of the word ‘engi- 
neering’ is making the most skdful and 
efficient use of the available materials and 
of human eflfort,” Mr. Umansky says. 
“The foremost job of engineers is, there- 
fore, to conserve our critical materials, 
which can be done in the following three 
ways : By use of alternate materials more 
readily available; by working available 
materials harder ; and by using available 
materials more skilfully. All three 
metliods or a combination of them is 
being actually used by engineers in fur- 
tlieimg the war eflort 

‘*l"oi instance, siiue (he aiiciaft in- 
dustry has first call «jn all aluminum pro- 
duction, other industries had to use steel, 
zinc, and other materials and had to 
modify their designs so as to make the 
use of these materials possible without 
impairing the performance of their equip- 
ment One electrical manufacturer alone 
is saving in this manner up to 8,000,000 
pounds of alnmimim per year ’’ 


Many other substitutions of this kind 
have been made but no good substitute 
has been yet found for copper as a cur- 
rent-carrying material, he pointed out. 
True enougli, on some large electro- 
chemical installations, silver busbars have 
been employed, the silver being with- 
dtawn from the government vaults and 
put to work. Such an application, spec- 
tacular as It is, cannot be used univer- 
sally since the amount of silver available 
in the world is a small percentage of the 
copper requirements. The electrical indus- 
try and other industries manufacturing 
combat equipment have their just claim 
for copper, he added. Any ton of copper 
saved by skilful engineering docs not mean 
merely that a few hundred dollars are 
saved but that this copper can be used to 
manufacture some 80,000 machine gun 
cartridge cases. Even if only one percent 
of these rounds of ammunition reach their 
goal, there will be 800 fewer enemies 
facing us, and the end of the war will he 
that much nearer. 

“Electric equipment can and should he 
worked harder during the w'ar just as 
the men and women in the services are 
doing and as the men and women on the 
homefront are expected to do,’’ Mr. 
Umansky declares. “Overloading a motor 
may shorten its life from 20 years to 10 
but this si^an wdl rover the expected du- 
ration of the wvir. Of course, this motliod 
i.s not always applicable to an older 
machine, since the aged insulation may 
fail and the failure may cripple industrial 
irrodurtion.” 

As an example of skilful engineering, 
intended to conserve our natural re- 
sources, Mr Umansky cited the method 
of connecting airplane engines under test 
to a genei'ator and juimping energy which 
would otherw'isc he wasted back into the 
power system. At several engine fac- 
tories, up to 00 percent of the energy rc- 
cpiircd to operate the entire plant is thus 
obtained and if all airplane engines were 
tested in this way, approximately 750,000 
tolls less coal would have to he mined 
and trans[)orted annually, he added. 

“No effort should he wasted on any- 
thing that will not help to win this war,’’ 
he says. “However, this does not mean 
that engineering developments and in- 
vestigations should be stopped during the 
war. On the contrary, they should he 
stimulated, since this w'ar, more than any 
other in history, is a war of machines, 
of engineering. With the nation at war, 
the engineering profession must do double 
duty in blazing new trails, in trying new 
ideas, in venturing into the unknown. 
Co-operative effort is needed as never 
before ’’ 

DRY-ICE CABINET 
Holds Tomperaturo WIHiln 
dost Limits 

HEREVER reliable, convenient, trouble- 
free, and speedy refrigeration is required 
in the laboratory, a new cabinet developed 
by the American Instrument Company 
will be found useful. It provides tempera- 
tures from minus 90 degrees, Fahrenheit, 
up to 220 degrees, Fahrenheit, with a 
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constancy of plus or minus Yi degree and 
is intended for use where expensive 
mechanical lefrigcration would not be 
justified. Two temperature ranges are 
available : From zero to minus 90 degrees 



Dry-ice cools the cobinet 

and from 220 degrees to minus 90 degrees. 

Temperatures can be held at minus 
40 degrees and minus 90 degrees in an 
ambient temperature of 85 degrees for 
24 hours with 40 and 60 pounds of dry- 
ice respectively. 

The cabinet is portable and ready for 
operation after packing with dry-ice and 
plugging the cord into the current supply. 
Once packed with dry-ice it requires no 
further attention until a new charge of 
dry-ice is required. 

In the low-temperature model, close 
temperature control is made possible by 
means of a thermo-regulator, which, 
through a solenoid and an electronic 
relay (time-delay), operates a damper 
that allows air to be passed over the dry- 
ice when cooling is needed, or to be by- 
passed when cooling is not needed. The 
temperature control system requires only 
natural heat leakage for its operation. No 
electric heaters are used in this model 
to control the temperature. 

In the high-and-low-temperature model, 
the control described above is augmented 
by electric heaters operated through a 
relay. 

The working chamber (24 by 24 by 24 
inches) has a hinged removable cover 
in which is incorporated a five-ply 
vacuum-sealed plate glass window. An- 
other hinged cover is provided for access 
to the dry-ice compartment. Air is cir- 
culated constantly through the cabinet by 
means of a fan located beneath the dry- 
ice compartment, the fan being driven by 
a motor mounted outside the cabinet. 


MINE GAS 

Radueed By Drawinf 
Off Throogli Pipat 

Definite economy in ventilation costs, 
by freeing coal mines of dangerous gas 
before a scam is worked, is being ac- 
complished by sinking pipes into the 
ground ahead of the workings and pump- 
ing the gas out, according to the Com- 
pressed Air Institute. 

This is being practiced at a mining 
operation near Blueficld, West Virginia, 
where holes for the pipes are drilled to 


IMMEDIATE DELIVERY 
LATEST TYPE INDUSTRIAL & LABORATORY EQUIPMENT 


BRONZE GEAR AND 
CENTRIFUGAL PUMPS 




No. 1 

Inlet 

Centrifugal 

Outlet 

Price 

f 0.50 

With 

A. C motor 

125.00 


No 4 

16.60 

62.00 


No. 0 


1 • 

16.80 

66.00 

No 

1% Gear Price S 9.00 

with A C 

motor 

625.00 

No 

2 

10.00 



27.80 

No 

3 

%' “ 11.60 



28.50 

No 

4 

" 12.60 



82.00 

No 

7 

*• 15.00 



S7.50 

No 

0 

1 " 16.60 



49.60 

No 

11 

1*4' “ 48 60 



on request 




M0T0R$--0. E. 

Heavy duty Repulsion Induction 
Flange mount enclosed type y> 
square shaft long. Wgt 45 Ihs. 

h.p. 110 V. 60 cycle, 3400 
R.P.M. Original Cost ^36.00. . . . 
Rebuilt ^16.50 




**BUSH” CONDENSERS 
TINNED COPPER 

De*(igned for refrigeration 
and air conditioning Has 
many other uses High 
heat tranKfer rapacity 
and great etndency 

Slses X $5 50 each 

Single Coll, double fln 

Sizes 10% X 11 U $6 50 " 

Double Coll 

Limited number of larger sizes on hand 

*‘TA0** TEMPERATURE RECORDERS 


HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty 
H.P. motor, air tank (300 Ihs. test — 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gaugo^ check 
valve, safety valve and drainer, etc. 
Delivers 150 Ihs pressure. Displace- 
ment 1.7 cu ft. per min. 

Modilt D H G 1/4 

12^ X 24'' tank A C 110 or 220 v 60 cycle 

$57.50 

16" X 30" tank A C. 110 or 220 v 60 cycle 

$64 50 

Larue itock of air compressors, H P. to 20 
H.P. A.C. and D C., all voltages, 1 to 120 
C F M. displacement, built for all requirements. 
Additional data on request 


BLOWERS 

Many purpose 
stamped steel 
housing, flange 
mounting, quiet 
operating De- 
livers 60 c f m 
Complete with 
6' cord Sc plug 
110 volt AC 


EXHAUST FANS, BUCKET BLADES 
Qonoral Electric A.C., 110 volt motors 





These recording 


Priorities 
R P M. 

required, 
cu ft 

Price 

t hermom eters 

have a 60 In King 

e- 

1550 

per min. 

550 

112.06 

capillary bulb foi 

10' 

1500 

660 

13 60 

12' 

1750 

800 

18.00 

remote recording. 

16' 

1760 

1800 

21.00 

Accurately re- 

16' 

1140 

1650 

27 50 

cords temperature 

18' 

1750 

2500 

22.50 

for each 24 hours. 

18' 

1140 

2100 

62 00 

20' 

1140 

2800 

66.00 

-B0*F $19.50 

24' 

1140 

4000 

42.00 

24' 

850 

3B00 

45.00 


Temp. Range 0*— B0*F 510.00 I 24- si 

i^RCCD ^iTaftHblowers complete with m^tor 


H P. 

R P M CU 

FT MIN 

INLET 

OUTLET 

PRICK 

1/20 

1750 

160 

Ay ^ 

3%" 

%i'i UU 

% 

1750 

350 

6>a' 

3'4’’ 

25 00 

1/6 

17.50 

535 

6 ' 

4'a' 

30.00 

*4 

1750 

050 

7>a' 

6 • 

67 .50 

Va 

1750 

1000 

9‘i' 

7 ' 

7 ».00 



PRICES QUOTED ARE FOR AC 110 V 60 CYCLES ONLY 
OTHER VOLTAGES ON REQUEST 


PIONEER AIR COMPRESSOR CO., Inc. 

120-« CHAMURS 8T. NKW YORK CITY, N. Y. 
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liiM YMr Owi SMToUiglt 

U. S. Amy N r al uM t Mlmr 

PtmmIm I 




I tMiHy 


FmsI 

Dl». LMftb ThltkiieM Price 

30 in. 121^ in. 7/16 in. 75. 
36 Id. I 6 V 4 In. 7/16 in. 125. 

Hide by Beueeh Jk Lomb & Parrone. 
Perfectly ground end highly polished. 

A ftw 10 In. tllflHIy MM0 nntnl 
nirrnrf nn hanA $220. na. 

NANO CLINOMETINS, PENDANT 

U. S. Army Engrlneers, OeoloeisU. Sur- 
veylna, Mapping, etc. Magrntfyina BJye- 

plnce 

Variable Rheo* 
etat. Ward Lieo- 
nard yltrohm, 
double plate 8^ 
dla. 6 to 16 ampt 
4 ohm. front or 
back connected 
118.00 
Ward Leonard 
Vltrohm Rheo- 
■tate. Variable 
600 ohm. .1 to 1.6 
amp.. 86 etepe. 
" ‘ emulation 



field reg 
type 


S12M 


n. 8. Army Oenereton, Slgnel Corps double ear* 
rent, hand driven; delivers 6 volts et 6^ AMPS, 
end 350 volts et .M AMPS. 

Bronse deers la Aluminum Oese. 

Approsimete Weight: M pounds. 

Price 085.00. 

DYNAMOTOES D. C. to 0. G. 


24-750 volt, 
mills . 


Qen. Electric 200 
U7.50 



24-1000 Oen. Slee. 1000 mills 


12-360 volt 60 mills flS.00 

12-760 volt 200 mills 16.60 

32-350 volt 60 mlUs 0.60 

32-300 volt 60 milla 7.50 

00NYEiTENt 

'*Wepplsr Z*lley Co.** 110 or 220 d.e. Input-TI or 
160 e.e. output. 

KVA .. S4S 00 3 KVA .... 195 00 

! KVA . . IM.OO 5 KVA .... $110.00 

KVA . .. 176.00 

MOTON QENERATOES 

120 d.e.. lit or no e.e., 600 cycles. SOO wett. 

6115.60 to 1171.00 

120 d.e.. 110 or 220 e.e.. 800 eyelt. 800 wett 

■111 ee to ••ee ae 

120 d.e.. no or 220 e.e.. 600 eyele. 1 kw. 

il 71 .ee to eees §e 

120 d.e.. 110 or 220 e.s.. 100 eyeto. 2 kw. 

tlW.M to I4M.H 

120 d.e.. no or 226 e.o.. 600 eyclf. I kw. 

1611.00 to |i60.H 
120 d.e. to 400 d.e. 2 kw im.oo to gi.f0 


120 d.e. to 000 d.e. 2 kw. 


LOO to I 


Motors. SynebroBous. 
R.P.M. tbR.P 


V. 


Motors. Synehronous. 220 v. 60 cycles 1100 K.P.M. 
lbH.P 100.00 


IliENS 

Universal AC A DC 120 volt Portable. 
Weatherproof Limited number. . . 



U. 0. AIMY 
AII0IAFT III0EO- 
PHONE 

Meaufeetured by Weet- 

miorophone 
tor. nolle 
pleto with 

end brsestt^ 

tlonel value 



TUNOSTEN 00NTAOT DItOS 

1 S/lO** die.— 1/16^ thick. Pure metellle tungsten 
eonteets. Meehined end polisbid. 

88.00 ee. $8.00 per pair 


Variable Rheo- 
etat Cutler 
Hammer. 4 to 
12 amp.. 6 ohm 
nr * ll-'. ...118.00 



PBIQOBIICT OBHBBATORO— AO 
4000 RPM. Bell Beertag. Belf Bxeitod. 

400 eyele 118 Volta 200 Watte I06.M 

600 eyele 118 Volts 280 Watts 06.00 

600 eyelt 116 Volts 500 Watts N.M 

600 cycle 116 Volts 200 Watts 65.06 

000 eyele no Volts 200 Watts tt.OO 


West. Elec. Anti- 
Capacity Switch- 
es. 14 Terminals, 
Contacts. Double 
$2.00 each 



with Platinum 
Throw 


U. S« Navy Divoro Lantoni 

Electric 150 watt, any voltage, solid 
cast brass. 800 lb. test. Weight 18 lb. 

Price $ 0.00 

U. 0. AEMY TELEQEAPN SET 

Signal Corps tolegrepb key end founder 
mounted on mahogany board. Oper- ^ . 

ates on I dry cella. For Morse Code. 0O*wO 

GLASS MEEGUEY TUBE SWITCHES 

3 amp $1.95 10 amp $2.25 

20 amp 2.96 

Telegraph and busser portable sets, mahogany 
ease, 2 tone 4 contact platinum point high fre- 
quency busier, 2 telephone toggle swltehes, po- 
tentiometer, sending key, 3 mfd. condensers, 
transformer and 2 choke eods. receiver. ...116.60 


U. $. Army Aircraft, 
solid brass tolsirapb 
and radio transmlt- 
Ung kty, largo oon- 
....... $ 2.00 


SIBS 


tiiigU Str*k« Elietrit Oongt 

Edwards la*' bronse X3C 6 Ohm Meoh. Wound 118.00 
Edwards lO*' bronse DO 6 Ohm Mech. Wound 15.60 
Edwards 6* brmse DO 8 Ohm Meoh. Wound 16.50 

U 8. N. double current _fenerator. 480 volt at 
260 mills and 9 volts at 2.71 amp. Oomp' ^ 
with mter. May be usad as 



EDISON STORABE BATTERIES 

Colls ars In ozoellent condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 20 years. Two- 
year UDOondltional Guarantee. 


A-4 

A*? 


Amp. Hrs. 160..... 

Amp. Hrs. 825 

Amp. Hrs. 268...... 

Amp. Hrs. SOO.^.........^.. 

(J-8) Amp. Hrs. 87 

" Amp. Hrs. 18...........< 

Amp. Ebrs. 26 — 


Ba. $6.00 

Ea. 6.00 

Ea. 7.00 

Ba. 7.00 

Ba. 5.60 

Ba. 2.50 

Pr. 4.00 


All cells 1.2 volts each 


Above prices are per unit cell. For 6 volt system use 
6 cells. 12 vt.— 10 cells, 110 vt.— 88 oells. Note: On all 
cells 76 amps, or less an additional charge of 10% is 
to be added for trasrs. 


NMUnU ElECTlieiL MMlil HOUSE, ilC., M- S-t.. IB ehntotS.. In TmE CHr 


depths ranging from 100 to 1000 feet, de- 
pending upon the thickness of the over- 
burden between the coal and the surface. 
The pipes are sent a short distance 
through the collar of the holes and then 
connected to blowers which exhaust the 
gas. 

Some of the mines where this is being 
done are extremely gassy, the Institute rc- 
r)orts. One liberates as much as 12,000,000 
cubic feet of gas a day — enough to sup- 
ply a large city. 

Although the amount of inflammable 
methane must be kept to a maximum of 
0.5 percent in the mine atmosphere, it is 
the aim of this new gas-evacuating pro- 
cess to reduce the amount of methane in 
the mine atmosphere 50 percent before a 
coal seam is opened. 

An idea of the economy of this methfui 
can he gained by considering that to get 
out 12,000,000 cubic feet of gas from the 
mine and bring tlic methane content of 
the atmosphere to the required maximum 
would mean the circulation of 300,000,000 
cubic feet of air a minute by the usual 
means of ventilation. 

POWER LINES 
C8R bo Mado to Carry 
Inoroisod Powor 

Electricity zipping through a midget 
power line has demonstrated that exist- 
ing transmission systems can be stepped 
up to carry 65 percent more power by add- 
ing one generator and thousands of small 
steel boxes crammed with sheets of alu- 
minum and paper. R. D. Evans, consult- 
ing transmission engineer at Westing- 
house Electric & Manufacturing Com- 
pany, conducted the laboratory experiment 
to prove a theory he developed. 

Hy using 7200 of the small steel boxes, 
called capacitors, together with the neces- 
sary generating equipment, Evans says, a 
250-miIc-long power line with a capacity 
of 175,000 kilowatts could be stepped up 
to carry 290.000 kilowatts. This 115,000- 
kilowatt increase would be suflicient to 
supply all the electrical needs of a city 
of 350,000 population. 

Tlic capacitors which would make pos- 
sible this power increase are steel boxes 
the size of overnight bags, filled with 
layers of aluminum foil and paper which 
permit more power to flow through the 
wires. 

These devices “tune the circuit like a 
condenser does in a radio,’’ the engineer 
says. “Use of capacitors to increase a 
power line’s effectiveness not only is ef- 
ficient but also is the most economical 
way,’’ Evans reports. Heretofore, the 
most common method of boosting a power 
line’s capacity was by adding extra trans- 
mission wires, since additional electricity 
could not be “forced through” the old 
lines without the help of capacitors. The 
cost of an additional power line and aux- 
iliary equipment to step up a 250-mile 
transmission system’s capacity 65 per- 
cent would be about $4,500,000. With the 
7200 capacitors necessary to step up a 
250-mile-long line’s capacity 65 percent, 
the cost would be about $1,200,000. This, 
it should be added, docs not include a gen- 
eratof which would be necessary in either 
case. 
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New Products 

THREE-LIQUID PUMP 

sPKciAi.-i'URPoSK Step-valve i)ump, 
develojMjd for use in a now war pro- 
cess which cannot be discussed here, 
is a typical example of how industrial 
pumps are engineered to meet specific 
requirements and, as in this case, can 
often be built from units used in standard 
pump design. 

This new Milton Roy pump, although 
driven by one motor, delivers three 
liquids-~-one heavy, viscous material and 
two very light materials — at various re- 
quired rates of flow to control accurately 
the volume of each in a compounding 
operation. Features of the pump include 
three step-valves, one with a single cover- 
plate. All valves have self-cleaning dou- 
ble ball -checks on both inlet and dis- 
charge sides. 

COMMUTATOR GLEANER 

K^anufactured of a nonconducting 
abrasive compounded with soft rubbei, 
a new hand-held commutator cleaner 



A hond-heid 
commutotor 
cleoner 
thot does not 
remove polish 
from 

hmth foces 


is now available. 1‘his cleaiier, adaptable 
to use on either commutators or slip 
rings, will not, it is claimed, scratch or 
score, but leaves a clean polished surface 
which adds to the life of both the com- 
mutator and brushes. 

STUD LOOKING SYSTEM 


when struck with a hammer oi a drive 
tool. Thus, the insert or stud becomes 
an integral part ()f the softer material, 
and since the inside serrations on the 
locking ring prevent the insert or stud 
from turning, and the outside serrations 
prevent the ring itself from turning, the 
wdiole installation becomes (ompletely 
permanent. The shar]) leading edges of 



demonstration of stud locking system 


the serrations on the locking ring broach 
the material effectively, but the crests 
of the seriations or splines are rounded 
to prevent any sharp corners which 
might create possible points of failure 
in the soft material. The locking ring has 
a special pilot on the lower edge and its 
inner serrations arc so designed that they 
easily engage with the serrations on the 
insert collar When fully diiven inh' place, 
the ring closes in on the insert and makes 
a completely solid unit of the whole. 

CORROSION PROOFING 

T wo coatings for ferrous metal sui faces 
which are ordinarily exposed to corrosion 
have recently been developed. One of 
these, known as Silco, resembles a vit- 
reous enamel. It is applied to such sur- 
faces as engine exhaust manifolds, muf- 
flers, and so on, by spraying after the 
metal has been cleaned, pickled, rinsed, 
and dried. The sprayed surface is first 
dried and then baked, after which the 
finished coating will not burn off at 
temperatures up to 1000 degrees, Fahren- 
heit, 

1'lie second corrosion pnxjfing material 
is known as Armor-Vit. It may be applied 
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Experimental and Model Work 

Pine Inotrumenta and Fine Machinery 
Inventions Developed 
Special Tools, Dies. Gear Cutting, Etc. 

HENRY ZUHR, Inc., 187 LofoyoHo St., N. Y. C 


ARMY-NAVY BARGAINS 


Gun ilinB 
Hobbies 
Leather belt 
Short shovel 


$ .50 ’ 
50 
75 
. .85 


Cart, belt $ .60 

Rope lariat .75 

Hessian bayonet 19"' 1.00 
10 Gun Flints .. 1.00 


75th Anniversary Catalog 1865- 1P40. 308 pages, over 
2,000 illustrations of plsiols. rifles, daggers, medals, 
saddles, etc . mailed for 50c 1843 circular for 3c 

stamp 

FRANCIS BAN HERMAN SONS, 501 Broadway. New York 


^‘SCIENTIFIC DRAWINQ 
& ILLUSTRATINO" 

Scientific machinery layout, detail- 
ing, assembly drawing, electrical and 
experimental drawing, textbook illus- 
tration. Illustrations in any media. 
All work neatly done. Best ref- 
erences. Strictly confidential. 

K & T SCIENTIFIC 
DRAWINQ COMPANY 

900 N. mnd St., North Perk, Soottio, Weak. 


COMPLETE HOME. 
STUDY COURSES 
and self-inatructioe 
hooka, tlightly used. 
Sold, rented, ex* 
choaged. All aub- 
jeeCs. Satisfaction 

guaranteed. Cash paid for used courses. Foil 
details and 84-page illustrated bargain catalog 
FREE. Write today. 

NELSON CO., Ml I. Wobosh, Dept. 0-243, Chicogo 




For Sdentlfic and Technical Booki 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 


Engineers have used threaded inserts 
and studs for fastening two parts to- 
gether for many years but this practiie 
has always fallen short of being entirely 
satisfactory. Under vibration the inserts 
or studs would back out or loosen, and, 
if a nut became frozen on a stud, the 
torque necessary to disengage the frozen 
nut invariably unscrewed the stud. 

The difficult problem of permanent in- 
stallation for these fastenings can now 
be solved by the use of the Rosan Lock- 
ing System for inserts and studs 

The principle of the locking system is 
very simple. A locking ring, serrated lx)th 
inside and out, engages its inner teeth 
with a serrated collar on the insert ,or 
stud. The outer teeth of tlie locking 
ring broach their way into the material 


For Those Who Want To Know! 

WHERE DOES THE SUN GET ITS ENERGY? 

A re$tn€ted print of **Tht New Solar Cycle** i$ immediately 

available to those few who will understand. 

Fox the first time Is presented herewith % fsctUAl 
theory on this curiosity dliputed^ tU selsntlflo Intel- 
lectuels since the discovery of radium m this eonolse 
form. Just ons thousand words of two prin^ pagee. 

Is made available to Interosted people, knowledge that 
hae Juit recently been uncovered, before It foee to 
preee In a fortnooBUnf book. 

Ne book! U roads Just earreat laete that asay 
surprlee yoal Prlee 18 ^-io eover dlitrlbntlen 
eeeiss ao profit iavelved. 

Pleoee moil romiltonci to, 

N. V. TIMMERMAN, 

Box 501 , ClndimoH, OAlo. 
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DEFENSE TRAINING SCHOOLS 

or# using thus# pracilccd cnia* 
Hon books In Hioir curricula 

Elomsntary Asrodynconlcs 

D, C M. Rmns $1.60 

144 pp. S4 Uhif. 

This book hat boon written for tlie 
•pecific purpose of supplying tbt^ 
younger students of aeronautics with 
a concise and accurate outline of the 
essential science that lies behind thf 
fact of mechanical flight, so that the> 
may understand and appreciate th* 
intensely interesting field of research 
and engineering that next awaits then 
attention. 

Aircroit Blusprint Rsoding 

Almen & Meod $1.10 

127 pp. 

The first thorough going, practical 
book on this vital subject. Provides 
simple prints with complete expiana 
tion of the information they furnish 
and how it is furnished. As a text, it 
has found wide application and extrn 
sive use among aircraft students. 

Practical Mathematics oi 
Aviation 

A. C. Downer $1.10 

124 pp. 

Here are the fundamentals of mathe 
matics applied to aviation problems— 
for Vocational, Industrial Adult Train- 
ing Courses. Has proved most useful 
to men preparing for jobs in aviation 

Aircraft Maintononco 

Brimm & Boggeas $2.60 

512 pp. 700 Ulna. 

The young student or beginner will 
find this text simple, clear, and readil) 
understandable, a book to live with, 
to study at home, and to keep hand> 
for reference in the shop. It is in use 
among leading transport operators 
universities, private aviation schools 
trade schools and the air services of 
the U. S. Army, Navy and Coast 
Guard. 

Aircraft Engine Maintenance 

Brimm & Boggeaa $2*60 

478 pp. 500 Ulus. 

Sound and accurate enough for the 
most exacting engineer, simple and 
clear enough for the beginner, detailed 
and practical enough for the shop 
worker. Used as widely as its com- 
panion volume above. The most com 
plete and comprehensive instruction 
book ever written on the maintenanre 
of aircraft engine. 

Aircraft Ixuip«ction Methods 

N. Bortholomew $1.35 

126 pp. 43 mua. 

The essential requirements of an air 
worthy airplane presented simply and 
clearly for the student, mechanic, 
draftsman, instructor, inspector, and 
manufacturer of planes and materials. 
The text has been approved by mem- 
bers of the Army and Navy Air Corps. 


Prices quoted include domestic 
• postage. For foreign postage, 
add 2!S cents. 


( Order from I 

SOENTinC AMERICAN | 

84 West 40th Street. " New Yerit N. Y. 
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cither by spraying or dipping and, after 
baking, may be heated to 1200 degrees, 
I^'ahrenlicit, without failure of the coat- 
ing film. 

GLASS SURFACE PLATES* 

StJRFACE plates ill heavy glass are now 
available in dcgrecb of accuracy fioin 
0(M)2 to (KK)5 of an inch and in standard 
suc.s (jf 8 by 8, 8 by 12, 10 by 10 and 
12 by 12 inches. The use of these glass 



A gloss surface plote in use 


surface plates is releasing, for other 
uses, materials that are urgently needed 
in war industries. 

VV^ear, negligible .since the surface of 
glass is very hard, is indicated by 
soratches and, unless they arc grouped 
closely and densely, they do not affect 
the accuracy of the plate. As scratches do 
not burr, they will not cause surface er- 
rors The low co-efficient of expansion 
of glass indicates very little change due 
to variations in temperature. 

Glass surface plates are non-conductors 
of electricity and will never reciuirc de- 
magnetising. They require no oiling of 
the surface as they will not corrode. The 
fact that they arc of glass will induce 
greater care on the part of those who use 
them. 

As these plates arc clear, drawings or 
data to be referred to frequently may be 
placed beneath them, thus providing pro- 
tection for the prints and making the 
data readily available. Where required, 
permanent records may be etched on the 
lower surface of the glass, 

LOCKING CASTER 

F REEDOM of movement is provided for 
scaffolding, portable work benches, and 
so on, by the caster shown in one of our 
illustrations, yet complete immovability 
can he obtained whenever desired through 
the application of the self-contained levcr- 


Simpte levtr 
motion 
locks the 
coster wheel 



operated brake. 1 he caster shown ui- 
cludcs a double enclosed ball swivel, a 
steel fork, a roller bearing semi-steel 
wheel, and a cam operated brake which 
bears against the caster wheel when the 
lever is operated. 

AIR VISE 

The I'SF of long dove tail v\ays foi the 
sliding jaw of a new air-operated vise 
gives an exceptionally smootli action 
which is free from play in all directions. 
The long ways keep the jaws parallel, 
even where work is held off center, and 
prevent any binding action from absorbing 
part of the holding power. The sliding 
jaw' can not “lift** as it closes on a 
cylindrical piece held horizontally. 

A simple but useful feature of the Mead 
Air Vise is the collar provided on the 
ram by which the length of the stroke 
may he controlled to any desired length 
On many types of work a stroke of no 
more than 1/16 of an inch is needed and 
minimum strokes arc recommended in all 
cases Three reasons are evident : Low 
air consumption ; (juick action ; and mini- 
mum danger of pinched fingers. The ad- 
jnstmcnt is easily made with a screw 
driver. 

In cases where a drill plate is attached 
to tlic stationary jaw, a long stroke is 



May be foot- or hond-operoted 


sometimes needed to facilitate inserting 
and removing work. The two inch stroke 
of the vise will be found adequate to 
handle work of this type within the 
capacity of the vise. 

This air vise can be furnished with 
either hand valve, as shown, or with one 
of two types of foot control valves. Model 
ON foot contiol releases work when the 
button is pressed and holds it at all other 
times. Model OFF foot control holds 
work while the button is held down, but 
leaves the jaws open at all other times. 
Either model ON or model OFF may 
be set up to be operated automatically 
by functional parts of the machine on 
-which the vise is used. 

REFRIGERATED WELDING 

DEVELOPMENT in resistance welding 
electrode design which makes possible 
full utilization of refrigerated welding has 
been announced by Frostrode Products, 
originators of refrigeration for resistance 
welding. 

Aircraft manufacturers who have 
adopted the new “Frostpoint” as an in- 
tegral part of the “Frostrode” electrode 
refrigerating process have already re- 
ported increases from 600 to 1000 percent 
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over icfrigciation of conventional elec- 
trodes in the number of spot welds which 
can be made before the tips require 
“dressing.” 

A 90 percent saving in the copper 
normally required for resistance welding 
electrodes is forecast by the fact that the 
only part that needs replacing in the new 
“Frostpoint” is the “Frostcap,” a (|uuk- 
replaceable tip on the end of the weUhng 
electrode. 

Other features of the new electrode 
include . Machine and hand dressing of 
points is completely eliminated ; if a cap 
does mushroom, it is removed and re- 
placed by another in about one minute’s 
time The life of a cap without any 
dressing except polishing is estimated to 
be about equal to that of a conventional 
electrode re-dressed until no longer 
useable. The cap seals the electrode 
against leakage. Greater cooling area is 
obtained by internal integral finning of 
the cap. The electrodes are so conslt noted 
as to provide absolute acrnraiy of cool- 
ant flow control, thus insuring operation 
at maximum cooling efificiency at all 
times. 

WATER LEVEL SIGNAL 

VASTE-MKE material whuli is applied 
in a thin film to a gage stick makes t)os- 
sible accurate determination of the amount 
of water present in the bottom of a 
gasoline or oil storage tank. The paste is 
of such character that it changes from 
gray to deep red when in contact with 
water but not when it is touched only 
by gasoline or oil When the treated 
gage stick is inserted into a tank and 
removed, the dividing line between v\aler 
and other liquid is sharp. This material, 
known as Delex Water Finder, is pai ked 
in 2 Y 2 ounce and 1 pint jars, the smaller 
jar containing snfticient material foi about 
500 tests. 

HAND NIBBLER 

Double crank construction of the band 
nibbler illustrated in this column makes 
possible easy and rapid o])eration With 
this device, developed by the National 



Nibbler and hole puncher 


Machine I'ool Company, templates and 
trial blanks may he quickly cut to any 
desired size, thus saving costly hand 
operations at the bench. It is also 
possible to cut drill rods with the same 
machine or to punch holes up to ^ inch 
in diameter through % inch flat stock. 

SPIRAL ABRASIVES 

Si*i ( lAi i/Ki) abrading and polishing jobs 
can bo accomplished with a new abrasive 
strip material formed into the shapes 
shown in the accompanying illustration 

•4A 

Abrosive strips in spirol form 

As shown, some of these are jirodneed 
in tapered shape fui their entire length 
while others have a base that is cylindri- 
cal in form This coated abrasive stri]) 
mateiial is designed for application on a 
mandrel in stationary or jiortable ma- 
chines 

MOLDING PLASTIC 

Boiling water and food stains have but 
little effect on a new plastic molding 
material known as Melmac 1077. This 
melamine jilastie, filled with aljiha cellu- 
lose, is designed for the production of 
tablew'are and similar forms The molding 
powder or granule is available in a range 
of colors. 

HYDRAULIC OIL SOLVENT 

coNCfN lUArhi) h(iuid known as Gum 
Solvent B has been developed for use 
in hydraulic installations When 3 to 5 
percent of the concentrate is added to 
the oil before draining, it is claimed 
that all accumulated gums and sludge 
will be dissolved. Thus when the s>stem 
IS drained, the hydiaulic lines, valves, 
and other parts of the mechanism are 
found to be clean without the necessity 
for a flushing operation 

SAW-OUN 

ATTACHMENT for clcctric drills, 
flexible shafts, or air operated drills, 
which has recently been developed, makes 
it possible to convert such tools into 
portable powder saws or files. 

The conversion is accomplished by 
thucking a reciprocating attachment into 
the drill or other power source. This 
attachment, wdiich is prevented from 
rotating by being held in one of the 
Operator’s hands, converts the rotary 
motion of the primary tool into recipro- 
cating motion of the saw blade or file 
secured in a holder. It is claimed that 
this unit will save hours of w^ork on 
panel notching, slotting, or other fabri- 
cating operations in metals, plastics, ply- 
woods, and other materials. 
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Don’t Let Shortages 

Stop Your Experiments 

Yon Can STILL Oat LOW COST 

L E N S E S ^ 

New . . . Finely Ground and FolUhed wuh Edges 
Very Slightly Chipped! 

PLUS FREE, Htlpfal Projaet SHEETS 

Set S(101-S “Our Advertising Special” 

15 Lenses for $1 00, Postpaid 
For Experimental Optics, magnifying, making Galilean 
Telescopes, and for many uses in photography such 
as copying, ultra closeup shots, making telephoto 
lens, Kodachromo and Bterooecopic viewers, ground 
glass and enlarging focusing aids, etc 

Set # 105-S “The Oadgeteer’s Delight” 

35 Lenses for $5.00, Postpaid 
Contains all lenses in Set #101-8 plus at least 20 
others ot our more expensive lenses 

Set #110-8 “The Experimenter’s Dream” 

70 Lenses for $10 00, Postpaid 
Contains all the lenses In the above sets plus 35 
others that make this a “sensational buy ” The 
variety of lenses in this set will enable vou to 
condurt countless experiments, and build many optical 
gadgets Contains muny of the hard-to-get short 
focal length lenses All our lenses are neatly packed 
and marked for diameter and focal length 

Every person interested in telescopes, optics, photog- 
raphy, etc . should ha\e a set for present and 
future use. 

ORDER TODAY— ^We hare no way of knowing 
how long our mpply will last. 

SATISFACTION GUABANTEED 

Remember — Free Project sheets with Hints — 
Notes and Plans for Lens Experiments come with 
every set 
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Edmund Salvage 


COMPANY 


41 Watt Clinton Ava. 
P. 0. Audubon, N. J. 


INVENTORS 

Free Patent Guide - - - 


r i Mxe nrsi Biep.wuhuuv oost. toward 

protecting your invention. Write 

today for free RECORD OF IN- 

VENTION form to legally disclose 

your Invention We also send Free 
48-page PATENT GUIDE contain. 

Ing instruct ions on how to oatent 
and sell Inventions. detaUe of 
A search services, easy payment plan, other In- 
teresting facte. ^ 


CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 



BUY more WAR BONDSl 


EARN MOREY roRTRAnrs 

o No previoue training or 
talent necesaary. Unique 
Stuart System teachee you, 
by mail, in 10 simple, eaiy- 
to-follow letsone, to make 
excellent charcoal and oil 
likenesses. Detailed guidance for your 
every step. Send for free book today* 


STUART STUDIOS, Roam U 
121 Moaameat Circle ladleaepells, lad. 

Plestie B^nU me froo b<x>k and outline of leteons 

Hem e 1 — 

atrert 
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AVIATION 

Helicopter Progress 

Present Orders and Future Possibilities Point Toward 
a Fertile Field for Rotating Wing Aircraft 


THE HENRY SYSTEM 
Of FieigM* Print 
ClatsMcalion 
and 

IdentHleatlan 

it now in DM by mott 
of tho Polkd Ddpsrtmonu in the 
United Ststet. It it slto the tyttem 
which spplicsntt for meny Ciril 
Serrice potitiont mutt matter before 
they can lucceMftiUy fill all require* 
Maatt. 

The only book bated on the Henry 
Syatem it Frederick Kuhna’t 

FINGER PRINT 
INSTRUCTOR” 

In thii 182-page book, written by a 
noted finger print expert who wat 
for many yeart in the Bureau of 
Criminal Invettigation, New York 
Police Department, will be found 
complete initructiona on every phate 
of the work from taking the printt 
to final identification. Numerout 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.BJ. 

^4.25 postpaid 
New 1942 Printing 

•mtr FrtM SOIBNTIFIC AMERICAN 
14 Wist 40tli Strait, Niw Yark, N. Y. 


MAKE YOUR OWN 
TELESCOPE 

at a cost of lots 
than $25. 

working from Inoxponsivo, 
proparod kKs of glass* abra- 
slvoSf and pitch, and by fol- 
lowing tha practical dotallad 
Instructions In 

“AMATEII 
TELESCOPE MAKIRG” 

This beginner’s book, from which 
more than 25,000 telescopes have 
been made by amateurs, gives ele- 
mentary information on how to plan 
and build the mounting, how to 
grind, polish, and accurately shape 
the essential glass parts by hancL 
All necessary data are presented in 
easily understandable form. 

Over 500 popes Frofwe/y lllesfrofed 

$4-00 postpaldf doniMlIc 
$4«SMfor#lgii 

tCIlNTIFIC AMmiCAN 

14 Wait 40tli Striit, NiW Ytrki N. Y. 


ALEXANDER KLEMIN 

Aviofien Editor, ScIsfitlAc AmoHcoci. 
Rssoorch Frofoctor, Donlsl Ougasnlioim 
School of Aoronoutics, Now York University 

T here is immense interest in the heli- 
copter. Both American and British 
naval authorities have announced that 
the helicopter will be used for protecting 
freighters against the submarine, and an 
order for 250 helicopters has been placed 
with Sikorsky Aircraft Corporation. The 
use of rotating wing aircraft for anti- 
submarine work was suggested in many 
quarters years ago, and it is pleasing to 
note that the cautious conservatism of 
naval authorities has now been overcome. 
In some respects a helicopter is better 
eqqipped to fight the submarine than an 
airplane l)ecause it can hover over the 
U-boat and drop depth charges with 100 
percent accuracy, and certainly the heli- 
copter is an aircraft which can utili/.e the 
landing facilities of the deck of a 10,000- 
ton freighter with ease. 

Then we learn that Cargoes, Inc , a 
subsidiary of the Lend-Lease Administra- 
tion, has placed an order for two heli- 
copters for the British Government (also 
fur use with merchant ships) with Fleet- 
wings, Inc., a plant which flenry J. 
Kaiser took over last winter. It is under- 
stood that the Kaiser helicopter will be 
ready in a few months and that, if it is 
successful, a contract for large-scale pro- 
duction will follow. 

But it is not only for war purposes 
that the helicopter is likely to be useful. 
There is an optimistic prediction by Mr 
Sikorsky who thinks that speeds in ex- 
cess of 120 miles an hour can be obtained 
by the helicopter. 

“The helicopter well may be expected 
to become a very popular type of aiitraft 
extensively used by private individuals in 
a way similar to the automobile, and also 
by individuals and organizations for a 
great variety of l)usincs.s and commercial 
assignments,” Mr. Sikorsky says. “The 
helicopter may be a vital factor in the 
period of demobilization of the aircraft 
industry after the war, permitting the 
utilization of facilities and the employment 
of a gradually increasing part of tile 
trained personnel which will become 
available. It will make possible broader 
and better use of the territory of this 
country by opening for residence, recre- 
ation, prospecting, and development areas 
that now remain practically idle because 
of transportation diflficulties. All this may 
be foreseen with confidence and I am 
convinced that within a decade after the 
war there will be hundreds of thousands, 


possibly a million, helicopters in actual 
use in this country.” 

But there is a still more encouraging 
item of news in regard to the postwar 
utilization of the helicopter. Samuel J. 
Solomon, President of Northeast Airlines, 
one of the most energetic and far-sighted 
of the air transport operators has filed 
an application with the Civil Aeronautics 
Authority for permission to start a heli- 
copter service. This service would carry 
airmail and air express to and from the 
rooftops of over 400 post offices and rail- 
road stations in the six New England 
States and New York. The Northeast 
Helicopter System would augment the 
regular operations, and fly express not 
only between cities and towns, but from 
congested areas to the airports. Mr. Solo- 
mon became convinced of the enormous 
potentialities of the Sikorsky helicopter 
after witnessing several demonstrations, 
and is certain that his plan will be fol- 
lowed by every important airline in the 
country. 

FUSELAGE SANDBLASTING 
Ustd in Fibricition of 
Primory Training Plano 

Not a dcei) sea diver, but a mechanic of 
the Boeing Airplane Company, who is 
sandhla.sting foreign particles from the 
hollow steel tubing which forms the 
fuselage of a Boeing primary trainer, is 
shown in the accompanying photograph. 

This biplane trainer, known to the 
Army as the PT-17 Kaydet, and to the 
Navy as the N2S-3, has made quite a 
name for itself in World War II, in 
which it occupies a position akin to that 



Sondblastino foraion porticlat from 
foselooc frame of o troining plana 
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Auxiliory gosoline tonks ore suspended under the Lightning's wing 


of the Curtiss “Jenny” in the First World 
War. 

The 7000th Kaydet recently was turned 
over to distinguished A.A.F. officers by 
a Boeing Company official. For primary 
training where low wing loading, stur- 
diness, and stability are more important 
than speed, the biplane has much to 
commend it. — A.K. 

FLIGHT TRAINING 
Spggded Up by 
New and Simple Method 

INTERESTING idea is being tried out 
for training students to fly the exceed- 
ingly fast Ix)ckheed Lightning ; the 
single-seater fighter with two engines and 
two booms to support the tail. By remov- 
ing a good deal of the radio equipment, 
the .student is able to sit in “pickaback” 
fashion behind the pilot’s seat; he is en- 
closed in the pilot’s cockpit, his head com- 
ing close to the pilot’s shoulder where 
he can see all instruments and controls. 
The Lockheed is fast and controllable and 
can be put through some wonderful 
maneuvers. It can even be maneuvered 
on just one engine, but it takes experience 
and skill to secure complete command 
of the Lockheed. The student flying im- 
mediately behind the instructor can learn 
in one hour what might take ten hours to 
absorb when practicing solo . — A K, 

GASOLINE TANKS 

Ingrtati Plant Rang#, Dtortatt 

SpMd Only Slightly 

The streamlined gasoline tanks, which 
are shown mounted under the wing of 
the Lockheed Lightning P-38 in one of 
our illustrations, carry enough gasoline 
to double the normal range of this re- 
markable fighter. Yet, thanks to skilled 
aerodynamics, there is a loss of only 4 
percent in the top speed. Doubling the 
range has obvious advantages when 
ferrying across the ocean, and in extend- 
ing the range of the fighter when protect- 
ing bombers. The addition of the tanks 
does not hinder the fighting character- 
istics of the P-38, since these auxiliaries 
can be dropped prior to combat. 

Each tank carries 165 gallons of gaso- 
line, or 1000 pounds when full, but the 
weight of the tank itself is only W pounds 
in spite of the fact that it is beautifully 
streamlined and that a streamlined shape 
does not have the maximum capacity for 


a given weight. Hours of wind tunnel and 
static vibration tests went into the design. 
The tanks are very simply built in two 
half shells of “1010” body steel, .024 
inches thick. The rate of production is 
quite remarkable, as one tank is turned 
out every four minutes, and the cost is 
now under one hundred dollars. Clever 
spot and seam welding equipment, and 
conveyor methods in welding and as- 
sembly have facilitated production, with 
a regular sequence of operation on the 
conveyor line. Although space does not 
permit a description of the fabrication 
process, conveyor lines and production 
method.s, once generally the prerogative of 
the automobile industry, have now been 
adopted, and even improved, in the air- 
craft industry. A recent visit to an air- 
plane plant has convinced us that miracles 
of production are being achieved by our 
aviation men. — A.K, 


WOODEN AIRCRAFT PROBLEMS 
Arg Gomplttaly Diffirtn! 
frgm Mttal Prgbltnis 


GREAT deal has been heard by the 
public on the replacement of aluminum by 
wood, of the success of the Mosquito 
bombers (built of wood) flying over 
Germany, and the like. Yet, at the same 
time, wood structures have in the past 
year acquired somewhat of a poor repu- 
tation in static strength tests. Is this 
because wood is unsuitable for large air- 
craft construction? 

At a meeting of The Society of Auto- 
motive Engineers, Ivar C. Peterson faced 
the problem squarely, and discussed the 
various difficulties that have arisen. 

Wood is not an inorganic material like 
steel, but an organic one whose properties 
vary from log to log. Its strength proper- 
ties also vary with moisture, and this 
sometimes is not properly taken into ac- 
count. Moisture causes variation in 
strength, and also produces shrinking and 
swelling. Metals, of course, present no 
such difficulty. 

Glued joints naturally play a large part 
in aircraft construction and here there 
must be a sufficient spread of glue on 
smooth wood surfaces, and just the cor- 
rect temperature, pressure, and glue con- 
sistency at the time pressure is applied in 
the glue joint. The gluing operations re- 
quire more skill and thought than riveting 
or welding in metal construction. Some- 
times is it very tempting to use high and 
low density woods in combination, particu- 
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SMITH & WESSON 

(RqvoIvqaa^ 
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Card and Photo Storoo— Mirror 


fTAo modem 
singtt picture 
Siereoeeope) 


Am tisoftil otul fafcinoting os tli« 
comcro and tha movlaa. Evary p 2 c« 
nira appaart in thraa dimansiona* 
Valuable alio in atrengthaning tha 
muaclea of tha ayca and in tha traat- 
ment of intarnal squint. 

Price KS .50 

NU-MIRROR CO., Bridgeport, Conn. 




ture from air In damp baaa- 
manta. Protocta toola and ma- 
ohinary amlnat ruat, mold, 
mlldaw. Oomplata hRX-AIR 
outfit 16.50 f .0 b. Chleato. 
Ordar now! Daalara wrlta today! 

TAMMS 8IUCA CO., 228-S North USalli, Chicago, 111. 


P 


STUDY AT HOME for Par* 

: Sueceaa tad LARGEM 

EARNINGS, ja yaera axpart in- 
structioa — over 108,000 atttdaata 
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AVIATION 


larly in highly stressed points of the air- 
plane. But the elastic properties of high 
and low strength woods are different and 
troubles arise accordingly,, owhi#^ to the 
elastic incompatability of thb two woods. 
Other difficulties arise when there is a 
great stress concentration in the wood. 

Mr. Peterson’s conclusion, and it is one 
with which we thoroughly agree, is that 
wood and plywood arc perfectly suitable 
for aircraft construction; if their use has 
caused any difficulties of late, these are 
due to the fact that detail design and 
handling have not been properly under- 
stood, and because wooden aircraft have 
been constructed by factories new to the 
airplane art. 

With all due precautions, and when 
construction is in the hands of skilled or 
well trained new workers in wood, these 
difficulties will largely disappear. — A. K. 

TIRE EEMOVAL 
Midi Easy by 
Ntw Davies 

CD UR AIRLINES arc beautifully organized 
and splendidly run, some of the success 
in this direction being due to the fact that 
conferences by mechanics are greatly en- 
couraged. A mechanic employed by 



Soffty in oirplone tire removal 


United Airlines, W. H. Pitts, was 
awarded several war bonds by the -United 
Airlines Suggestion Committee for the 
device illustrated in one of our photo- 
graphs. This is a tire-removing tool which 
has become standard equipment through- 
out the United system. The device, which 
consists of a steel frame and a hydraulic 
jack, facilitates the removal of tires with- 
out damage to either tire or wheel. — A. K. 

QLIDEES 
PrviMfMl to 
Asolst Tako-Off 

ORD comes from Washington of a 
patent granted to Vladimir S. Maka- 
roff in which it is proposed that a heavily 
loaded bomber or transport should be 
assisted off the ground by means of a 
glider fastened to its back. We have been 
asked whether the idea is sound. 


It is plausible. When the powered air- 
plane and the glider are hitched together, 
they form a biplane of greater wing area 
than the monoplane which constitutes the 
powered plane. Since the glider can be 
light in construction for this specific pur- 
pose, it is clear that the average wing 
loading of the combined craft will be low, 
and witli low wing loading there should 
be a quicker, easier take-off. Of course, 
the glider has drag, and the mechanism 
locking the two together also adds drag 
and weight Therefore, in spite of the 
plausibility of the idea, very careful 
analysis would have to be carried out 
before it could be accepted completely. 

Readers may remember the composite 
airplane invented and tried out by Major 
Mayo in England; there is a certain 
resemblance beteeen the two ideas. But 
Major Mayo had a small, heavily loaded 
airplane mounted on top of a large one, 
so that the large airplane could help the 
overloaded smaller airplane get into the 
air. Of course, Major Mayo was also 
experimenting with assisted take-off, but 
in his device each craft had its own 
power-plants. 

Assisted take-off has been suggested 
again and again in a variety of forms: 
compressed air catapult, powder catapult, 
winches and cables hauling a plane along, 
rocket or jet propulsion, have all been 
discussed as possible means. But none of 
them has been generally adopted, because 
the growing power of our engines has 
reached such a figure as to make assisted 
take-off unnecessary. Only for launching 
airplanes off the deck of a ship have cata- 
pults remained. But that does not mean 
that assisted take-off will not be with ut 
sooner or later, at least for specialized 
purposes. — A. K. 

DESIGN DETAIL 
Ntedid to Koop Fightliif 
Plants in Trim 

In A RECENT paper presented before the 
Society of Automotive Engineers, N. L. 
Kearney, Service Manager of Curtiss- 
Wright Corporation, reminds us that only 
those airplanes can fight which arc 
properly maintained and repaired. Mr. 
Kearney expressed hope that the design- 
ers of our fighter airplanes will give 
greater thought to ease of maintenance, 
and to the problems of those men whose 
job it is to keep airplanes in flying and 
fighting condition. When the Army field 
mechanic finds that before he can remove 
and service a propeller speed governor, 
he has to remove the propeller itself at 
the cost of two or three hours extra time, 
his explosive language may well be for- 
given. A great deal of progress has been 
made from a maintenance point of view 
in recent years — fewer disconnections in 
removing a unit, fewer cowl fasteners, 
more quickly replaceable wing tips, and 
so on, have been introduced. 

Another important matter is the thor- 
ough training of field personnel in the 
proper servicing and handling of aircraft 
Tools and spare parts are of the utmost 
importance and a lack of spares can keep 
a tremendous number of airplanes on the 
> ground. -^A, K. 
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CURRENT BULLETIN 
BRIEFS 


{The Editor will appreciate it 
if you will mention Scientific 
American when writing for any 
of the publications listed below.) 

The Five Commercial Types of Syn- 
thetic Rubber is a 40-paRe illustrated 
booklet designed to present a relatively 
brief resume of a comprehensive subject. 
The data presented will serve as back- 
ground material for understanding the 
general possibilities of various synthetics. 
United States Rubber Company, 1230 
Sixth Avenue, New York, New York — 
Gratis. 

Fluorescent Maintenance is a 20-page 
pocket-size pamphlet which shows, in il- 
lustration and text, how to get the best 
performance out of industrial lighting 
systems which employ fluorescent tubes. 
Hints are given on trouble shooting and 
on checking lamps and equipment. SyU 
vania Electric Products Inc., Salem, 
M assachusetts. — Gratis. 

Better Brush Springs is a ten-page il- 
lustrated catalog which describes the 
advantages of beryllium copper brush 
springs and their effect on small motor 
performance. Instrument Specialties Com- 
pany, Inc., Little Falls, New Jersey . — 
Gratis. 

Industrial Forms is a 12-page 'booklet 
illustrating and describing a number 
of forms which have been specifically 
designed to aid in recording data ob- 
tained as a result of time and motion 
studies, operation analyses, production 
control, and so on. Methods Engineering 
Council, Wood and Franklin Streets, 
Pittsburgh, (21), Pennsylvania. — Gratis. 

Variable Speed Transmission is a 16- 
page illustrated catalog describing a 
variable speed mechanism and gear re- 
ducer built in a single compact unit. 
These transmissions meet the many im- 
portant requirements for accurate variable 
speed control of industrial machines. Re- 
quest Catalog TR-432. Reeves Pulley 
Company, Inc., Columbus, Indiana . — 
Gratis. 

Battlenecks is an elaborately produced 
pamphlet printed in many colors — in- 
cluding metallic inks — which tells the 
story of materials, machines, and men in 
their relation to industrial production for 
war. Designed to encourage and speed 
operations on the production front. Major 
General T. J. Hayes, Jr., Chief of Indus- 
trial Division, Ordnance Department, 
Pentagon Building, Washington, D. C . — 
Gratis. 

Lucite Manual is a 126-page pocket size 
book describing various general methods 
of fabricating Lucite methyl methacrylate 
resin which have been found satisfactory 
in industrial operation. Information is 
given on the chemical, physical,, and 
mechanical characteristics of Lucite, .care 
and handling, machining, shaping, finish- 


ing, and so on. E. I. du Pont de Nemours, 
624 Schuyler Avenue, Arlington, New 
Jersey. — Gratis. Request this book on 
your business letterhead. 

Timber Connectors is a four-page folder 
which describes a type of split-ring 
timber joint connector now being satis- 
factorily applied in various types of struc- 
tures. Specifications are given on the 
kinds and on methods of application. 
Carlson Building Specialties, 3234 West 
31st Street, Chicago, Illinois. — Gratis. 

South Bend Lathes (Catalog 100-C) 
is a 48-page brochure illustrating and 
describing in detail the entire line of 
engine lathes, toolroom lathes, and tur- 
ret lathes manufactured by this one com- 
pany. Specifications are tabulated to fa- 
cilitate consideration of the lathe needed 
for any desired application. South Bend 
Lathe Works, South Bend, Indiana . — 
Gratis. 

How “Caterpillar'’ Helps F'k.ht 
World War II is a 56-page story, 
mostly in pictures, of the work which this 
tvpe of prime mover is doing in all phases 
of wartime operations, from the con- 
struction of airports and other engineer- 
ing projects to the actual movement of 
men and materiel Caterpillar Tractor 
Company, Peoria, Illinois. — Gratis. 

California Redwood — Its Properties 
AND Uses is a colorful four-page cir- 
cular discussing the physical, mechanical, 
and chemical properties of this wood. 
California Redtvood Association, 407 
Montgomery Street, San Francisco, Cali- 
fornia. — Gratis. 

Special Coatings and Cements is a 
folder describing a number of adhesives 
and coatings which have been satisfac- 
torily tested for actual production re- 
quirements. Uses for these materials 
range from barrage balloon cementing 
to shoe lace tips, jungle tents, and rubber 
mats. Union Bay State Company, 50 
Hansard Street, Cambridge, Massachu- 
setts. — Gratis. 

The Story of Steinmetz is a short il- 
lustrated biography of Charles Proteus 
Steinmetz, the great mathematical wizard 
of electrical engineering whose work 
helped to make possible a great industry 
of today. Bulletin GEB-104B. Publicity 
Department, General Electric Company, 
Schenectady. New York. — Gratis. 

Plastic Parts for War Production 
is a folded sheet showing examples of 
plastic parts made to order and to close 
tolerances through new fabricating tech- 
niques which eliminate the use of expen- 
sive molds. Creative Plastics Corpora- 
tion, 963 Kent Avenue, Brooklyn, Neiv 
York. — Gratis. 

Tube Picture Book consists of 16 large 
(17 by 22 inches) pages containing 
eight charts which show structural de- 
tails of representative receiving, trans- 
mitting, cathode ray, and special vacuum 
tubes. Distribution limited to United 
States and Canada, RCA Yictor Division 
of Radio Corporation of America, Harri- 
son, New Jersey. — Ten Cents. 
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TELESCOPTICS 


A MonHily Department for the Amateur Telescope Maker 


Milor 


T his month, let's turn over the meet- 
ing to the math sharks. For the rest 
of us, what follows may have to be taken 
in low gear. 

In this department in September, 1942, 
Capt. Alan E. Gee described his solution 
of the old problem of testing a Casse- 
grainian secondary. He proposed to grind 
and fine-grind the convex mirror to a 
sphere; then set it aside and polish, or 
partly polish, the concave tool; next, fig- 
ure this concave tool to the required hy- 
perboloid, using the formula at the top 
in Figure 1 with the Foucault test 
Finally, figure and test the convex against 
this prepared concave by means of inter- 
ference fringes. 

Commenting on this proposal, F. A. 
Lucy, 3427 W. Penn St., Philadelphia, 
Pa., writes : “Capt. Gee’s method of figur- 
ing a Cassegrainian secondary, appears 
to be the best yet offered, and deserves 
all the emphasis that can be given it. 

“Hindle’s test for an hyperboloid 
(‘A.T.M.’ Part X) has advantages over 
Ritchey’s autocollimation method : it 
shows more of the mirror surface and is 
less troubled by diffraction effects. 
Further, there is only one auxiliary sur- 
face instead of two. Gee’s test has the 
same advantages more strongly ; it shows 
all the mirror surface, is still less troubled 
by diffraction, and uses no auxiliary sur- 
faces, except insofar as the test-plate is 
considered one. 

“It is true that the tests of Hindle and 
Ritchey employ a double reflection from 
the mirror, thus doubling the sensitivity, 
but a test-plate set up for Gee’s test will 
be much closer to the knife-edge and, 
therefore, will have a larger apparent 
angular diameter. 

“Geometrically, then, the tests are about 
equal in sensitivity but, as a matter of 
psycliology, it is easier to judge contrasts 
in a large field. 

“On the whole, finally, Gee’s method ap- 
pears to be capable of yielding the most 
accurate resuU| of any. 

“In like an ellipsoidal mirror 

(for example, a Gregorian secondary) 
will appear more than twice as large when 
set up for c. of c. testing a# when set 
up for the direct focal test-^^ain with 
the least possible trouble from^^ffraction. 
Because of ^ its greater spe^j^lfeft^fdirect 
focal methpd might be preferable'for pre- 
liminary fmring, reserving the zonal 
survey for flftal work. 

“With regard to the application of 
this test to convertible telescopes, a com- 
pound telescope is generally made with a 
paraboloidal primary of fairly large focal 
ratio, so that it may be used at the primary 
focus when desired. For looking at lunar 
or planetary detail, or for resolving close 
stars, the compound system is, however, 
preferable. The necessary high magnifica- 
tion can be obtained by using a short-focus 
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Conducted by ALBERT G. INGALLS 

of Hit ScitnHHc AmtHton bttkt ''Amaftwr Ttlttcopt 

•imI ^'Amoftwr TtlttctfM Making— AdvonttH" 

paraboloid and a sufliiciently small eye- 
piece; but if the latter has a Ramsden 
disk less than 2mm in diameter, the re- 
solving power of the eye is reduced, and 
the use of still smaller eyepieces will 
give less detail rather than more in the 
image. It is better to use an objective of 
long focal length. If compactness is to be 
maintained, the Cassegrainian arrange- 
ment is generally considered the best way 
of doing this. 

“While the classical Gregorian arrange- 
ment is less advantageous than the (Zasse- 
grainian, an off-axis Gregorian would be 
superior in at least one way to an off-axis 
Cassegrainian. In the Gregorian, the 
active part of the secondary will be be- 
low the axis when the active part of the 
primary is above. Thus the primary can 
lie very dose to the axis with no shadow- 
ing at all by the secondary. An off- 
axis Gregorian, indeed, can be made even 
closer to the axis than can an analogous 
Newtonian ; thus securing the advantages 
(A. A. Michelson, Physical Review, 20, 
391 [1905] ; N. J. Schell, Sci. Am. Tele- 
scoptics, April 1939, May, 1940) of this 
type (no shadowing, minimum diffrac- 
tion) with the least extreme focal ratios 
and least difficulty in figuring. Inciden- 
tally, Gregory’s original design has the 
eyepiece a considerable distance behind 
the primary, with a tube long enough and 
narrow enough so that direct sky light 
is kept from striking the eyepiece: the 
secondary shades it. This detail usually 
appears to l>e neglected in diagrams of the 
Gregorian construction. 

“It follows that the convertible telescope 
of best performance would be an off-axis 
Gregorian with paraboloidal primary ; 
although it would be easier to figure an 
on-axis Cassegrainian. In either case, the 
equations of Selby and Gee offer the best 
guide to the figuring (see below).’’ 

When Capt Gee first offered his data 
he included a mathematical proof, but 
this was not published— complicated for- 
mula matter is difficult to set correctly in 
type. Now comes Lucy with a condensed 
derivation, which follows. In it, the num- 
bers in parenthesis refer to the numbered 
equations in Figure 1, written out by 
Lucy and reproduced by line-cut (one way 
to get around the above problem, math- 
ematician-compositors apparently hav- 
ing all marched off to war). Lucy states: 

“From a text on analytic geometry, one 
secs that, measured from the center of 
an hyperboloid, the x intercept of the 
normal is (1), where y>) is the zone 
on the test-glass through which the nor- 
mal passes. The fundamental equation of 
the hyperbola is (2). 

“Substituting (2) in (1) gives an 
equation for the intercept as a function 
of the zonal radius y#. In discussions of 
mirrors, yt is usually called r, and will be 
below. As design constants, it is con- 


Mokint*' 


venient to use, not the semi-axes a and 
b, but p and p', the latter two being re- 
spectively the distances from the second- 
ary vertex to the primary focus and to 
the focus of the combined mirrors. 

“By construction, (3) follows: 

“Referring again to a text on analytic 
geometry, one sees that n* -h is the 
square of the distance between the center 
and a focus. By construction, and with the 
use of (3), we have (4). 

“With these substitutions, Capt. Gee ob- 
tains an equation for the radius of curva- 
ture (in the sense of the Foucault test). 
Going a step further, one may subtract 
Ro=:2p*p/(P* — p), the radius of curva- 
ture for the central zone. Reduction gives 
directly the knife-edge displacement for 
the zone of radius r (5). 



b=/p^ (if) 



Figure 1: Dtrivofien formulos 


“This is for use with a testing set-up 
in which light source and knife-edge move 
together. If the knife-edge moves while 
the light source is stationary, the dis- 
placements are doubled, and the 2 in the 
denominator of (5) should be cancelled. 

“H. H. Selby (‘A.T.M.A.,’ p. 134) has 
already given the corresponding equation 
for an ellipsoidal mirror. His equation 
may be derived by the process just de- 
scribed, using the ellipse analogues of (1), 
(2), and (3). The foregoing equations arc 
all exact.’’ 

Subsequent to receipt of the above note 
by Lucy, there came from Captain (now 
Major) Gee, Corps of Engineers, AP' 
702, care of Postmaster, Seattle, Wash., 
the following communication. 

“In the June, 1938, number of Scientific 
American, Kirkham furnished equations 
and dope concerning the construction of 
Cassegrainians with spherical secondaries 
and modified primaries of predetermined 
amount of spherical aberration to match. 
Macintosh, Conner, and I applied this 
method to the 20 telescope we made in 
Portland, > also to a 125^" telescope now 
being completed there. On both of these 
telescopes I am interested in making high- 
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magnification secondaries to use alter- 
nately with the 3x secondaries for which 
both instruments were designed. With 
this in mind, I have worked out the neces- 
sary math to determine difference in 
radii of curvature of tlie zones of such a 
secondary, as measured by the King test 
or on the polished tool (for test of the 
convex by interference fringes). My equa- 
tions are general and simple, so the dope 
may be of use to other ATMs who de- 
sire alternate secondaries for their modi- 
fied Cassegrainians. 

“Let Oi be the spherical aberration of 
the primary (this would have been de- 
termined by Kirkham’s equation when 
designing the original telescope) ; ra the 
radius of the new secondary to the margin 
of the area reached by light incident 
paVallel to the axis; />' the distance from 
new secondary to secondary focus ; and 
P the distance from new secondary to 
prime focus. Then 

“/? = )/(/>' — />) = radius of cur- 

vature of new secondary (actually R of 
central zone) and a,z=:l(R ^ p')* 
/(R 4* 2p')^l r| R. (The formulas arc 
recast somewhat to permit them to be set 
on a linotype machine. — Ed.) 

“Desired knife-edge movement between 
edge zone and central zone of new sec- 
ondary then is d* ^ a R^/p^, where 

Aa = (i\ — fla. 

“The above equations are all derived 
for direct substitution of absolute val- 
ues. In other words at, r, p', p, R, and 
are all positive values. 

“If (h is greater than fla, edge zone will 
have shorter R than center zone If Oi 
is less than Gu edge zone will have longer 
R than center zone. 

“Derivation assumes a stationary pin- 
hole and moving knife-edge or grating. 

“For intermediate zones, measured cor- 
rection is proportional to square of the 
radius of the zone ; that is, for a zone 
half way between center and edge, one 
fourth of the correction, d'/4, would be 
applied. 

“The curve on these secondaries would 
approximate an oblate spheroid on sec- 
ondaries smaller than the one for which 
the primary was designed, and a prolate 
spheroid for secondaries larger than the 
original. 

“The above method could be applied to 
make a secondary for a Cass with spheri- 
cal primary. In that case ai r= r*/4/?, 
where r is the marginal radius of primary 
and R the radius of curvature of primary 
Secondary would approximate an oblate 
spheroid. 

“It is actually possible to make a prop- 
erly corrected telescope with both primary 
and secondary spherical but, unfortunate- 
ly, the proportions are highly impractical. 

“Here is one more suggestion. Some 
ATMs who have conventional //8 or 
//lO Newtonians could convert them 
into RFTs by making a concave second- 
ary for them to be placed inside focus. 
For a paraboloidal primary, the sec- 
ondary hypcrboloidal and the various 
knife-edge readings would be given by 
the equation I furnished in the Septem- 
ber, 1942, number (first equation, Figure 
1). For this special case, p' would be the 
distance from secondary to prime /qcus, 


and p the distance from secondary to 
secondary focus (just the reverse of the 
usual Ritchey notations). /?=(2/>'/>) 
/(/)' — p) would still give the radius of 
curvature 

“If it were desired deliberately to in- 
troduce spherical aberration to correct for 
RFT eyepiece aberration, as suggested by 
Kirkman, my equation d'^\aR^lp^ 
would give the change in zonal readings to 
be applied to the readings for the exact 
hyperboloid. This additional Aa would 
equal the desired aberration in that case. 
Care should be taken to sec that the cor- 
rection is applied in the right direction “ 

Maj. Gee's comments were next shown 
to Lucy, who then added : 

“His equation for the hyperboloid to be 
used with a given paraboloid is exact: 
whereas the corrections in the modified 
cases are approximate For that matter, 
Kirkham’s equation is also approximate, 
as Kirkharn himself made clear. The ade- 
quacy of the approximation depends on die 
size of the telescope, the focal ratio of the 
elements used, and on the severity of the 
selected tolerances. A modified telescope, 
made precisely to these equations, might 
require further correction by the aid of 
optical tests on the assembled instrument 

“I should be interested in hearing how 
these modified Cassegrainians actually 
perform when first assembled, especially 
when they are made to the extreme spe- 
cifications of the Waikden RFT (“one- 
gallon” Cassegrainian).” 

By accident, your scribe has just dis- 
covered that Lucy is the author of a two- 
part, eight-page article entitled “Exact 
and Approximate Computation of Schmidt 
Cameras,” Journal of the Optical Society 
of America, June 1940 and May 1941 
In this two-part article, the first half dis- 
cusses the Schmidt design in a mathe- 
matical manner, while the second part 
discusses several modifications : a reversed 
plate Schmidt, solid Schmidt, thick-mir- 
ror Schmidt Your scribe is collecting 
names of ATMs who go in for the math 
stuff. Such a group might become a sort 
of “Design Club,” not formally organized 
but at least kept in closer mutual touch 
than at present, simply by being made 
known to each other. 

yj^TMs HAVE asked this department 
aliQUt the content of some sets of 
salvaged lenses advertised elsewhere 
(page 275) in the June number The 
Edmund Salvage Co. kindly gave us the 
requested data and a 70-lens set for in- 
spection. The first set contains two 
lemses, 31mm diameter and 92mm fl.; 
two 33 X 221 ditto; two 37 x 393 ditto; 
two 42 X 152 ditto; two 18 x 50 bicon- 
vex; two 17 X 58 plano-concave; two 
14 X 35 ditto ; and one 14 x 33 biconvex 

The second set contains all of the 
above, plus one each of: 9 x 36; 12 x 
46; 16 x 238; 17 x 92; 24 x 92; 28 x 99; 
28 x 136; 31 x 127; 31 x 152; 42 x 174; 
42 X 201 ; 49 x 238; 54 x 201— all plano- 
convex. Also three biconvexes : 16 x 50 ; 
22 X 45; 22 x 53; four piano-concaves: 
12 X 148; 13 x 34; 13 x 55, and 24 x 148; 
two biconcaves : 19 x 30 and 19 x 50 ; and 
three menisci : 10 x 51 ; 28 x 120 and 33 x 
120 . 


GOMPLETE HIQH-QRADE KITS 
OUR SPECIALTY 

Each kit hot two glass discs 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
(fewer may not give perfect 
optical surface)* rouge, in- 
structions, FREE ALUMI- 
NIZED DIAGONAL, etc. 

POLISHING and 
PARABOLIZING 

MIRRORS, all sizes made to order. 


4 ' Kit 

^2.95 

(Pyrex, #4.00) 

6" Kit 

3.73 

(Pyrax, 3.50) 

8 " Kit 

6.50 

(Pyrax, 8.00) 

10 ' Kit 

9.93 

(Pytwx, 13.93) 

12'^ Kit 

14.75 

(Pyrex, 22.30) 


ALUMINIZING 

A harder and brighter aluminum coating that ia 
uniform and produces a lasting and superior re* 
fleeting surface. Guaranteed not to peel or blister. 


S” $2.50 

8“ $3.60 

10 ” $ 6.00 


Mirrors for Cameras, Range Finders and 
other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PREGISION OPTICAL CO. 

1001 East 103rd StrMt, N.w York, N. Y. 

TELESCOPC -I 

MAKERS 

Quality materials of the RIGHT kind 
0* Kit — Glass, abrasives, pitch, rouge, and 
InstrurUons $5.00 

HOBBYGRAFS— INFORMATION— INSPECTION 
We offer you the benefit of our 24 years 
of experience at this hobby Send for free 
price list 

John M. Pierce, 11 Harvird St , Springfield, Vt 



REFLECTING TELESCOPE KITS 
OUR SPECIALTT 

(S«id lot eur NEW, ENLARGED, wd ILLUS- 
TRATED catalogue.) 

IM. CHALFIN 

G.P.O. Box 207, N«w York, N. Y. 


ACROMATIC LENSES 

A limited number of acromatlc lenses of the 
following sizes, suitable for RFTs, collimators, 
telescopes, acromatlc condensers, etc. are avail- 
able while they last 

1 — 11 /16" dlam 2 — 3/16" diam 2>a" dlam 
20"fl-$5 00 ea B’2"fl-MS0ea e’a" fl -$8 00 ea 
4 J 4 " ” - 4 00 ” a'i" - 6 00 •’ 

5»'4" ” - 4 00 ’• lO'a" ” - 7 00 ” 

5*/i" ” - 4 00 " One pair simple lenses for 
2 * 4 " cfl Huygenian eveplcce 
(field lens I'a" diam ) $2 00 pr 
ALUMINIZING AS USUAL 


LEROY M. E. CUU$INQ 

5507 Lincoln Ave., Chicogo, III, 


30-P0WER TELESCOPE 

KERN (Swfssl WYE LEVEL 

(INVERTED) 


objecthe 
piece 


Only 

$50.00 

Reg. $JtO, 


• 14" long finest Acromatlc 
18/16" dla 

• Rack & Pinion focusing eye 
with Stadia Hairs (cross Wires) 

• 5" graduated level vial. 

• Precise, solid silver, 4\i'' die Circle, 
gradtiated 360“ in Vernier to 10 
minutes; micrometer adjustment and 
Vernier reading microscope 

• Set In bronze bearing with 3 leveling 
screws Sun shade & dust cap, St case 

• Tripods $10 extra 

These Are New Instruments — Never Used! 

Remit with order. Shipped Express Charges Colloct. 

Only 18 left! These wtll go fast. First come, 

first serred! '*Doubtmg Thomases’* send lOt for 
descr^^e 

^Scientific & Laboratory Apparatus 
^ 68-70 West Broadway. N. Y. C. 


pjMh RCVTfrffs 

descriptive photos, 

HARRY RdSS’ 
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JUST OUTl 
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All fk* 
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•boat thla Titol and abaorblnc rabject 


FIRST PRINCIPLES 
OF RADIO 
COMMUNICATIONS 

By Alfred Morfan. A complete, prac- 
tical course tor home study — an in- 
valuable handbook for constant refer- 
ence. 

It will prove its value to you each time 
you come up against a problem in- 
volving radio practice. And it is so 
planned that reference to it is always 
quick and easy. The table of contents 
includes chapters on Static Electricity, 
Current Electricity, Magnetism, Con- 
ductors and Insulators, Condensers, 
Electron Tubes, Radio Receivers, Radio 
Transmitters, Keying and Modulation. 

Get your copy today. At all bookstores. 
$3.00. 

Or write to the publishers 

0. AFPLirON^NTUtY COMPANY 
3S WMt sand Sf.. Ntw York 


When yon write to 
advertimrs 

* The Editor will eppreciate 
it if yoo will mention that 

SCIENTIFIC 
itinAMERIC AN 


TIE mmn sietci-book or 

NEIlANiCAL MOYEMEITS 

Iy Tkeaiet W. loftar 



NOW 

$2.10 


Not a treatise on ma- 
chine design nor an 
instruction book on 
constniction, but an 
imposing omnimn gath- 
erum of jtfnuiifled 
drawings in truly as- 
tonishing ntimber and 
variety V (2937 of mem) of basie 
elements of mechanical and struc- 
tural composition from which *to 
select the various details required 
to build up a given piece of mech- 
anism. It has had a long and wide 
sale. 

Formerly $4Jt5 IHif. Now $110 
Foffpekl 


•rdtr froai leilllTIFW AMlilMi 
24 West 49Hi Sta, Ntw Yerk, N. Y. 


Our Book Corner 

THE 900K DEPARTMENT of Scientific American it conducted, with the 
co»operotion of Hie Editors, to make available for you a comprebentive book 
service. Each month the Editois select and review in Hiese columns new books 
in a wide range of Kientific and technical Helds. In addiHon, they are ready 
at all times to advise you regarding the best available bo^s on any sub- 
ject. You are invited to use this service freely. Tell our took Department 
what kind of books you want and you will be furnished with Hie names of 
available books, including prices. When inguiring about books, please be spe- 
cific; remember that we con be of the greatest help only vdien you tell us 
just what you are looking for. Books listed in these columns may be ordered 
from our Book Deportment. Add 25 cents per book for mailing outside U. $. 


FOR THE FBRMANEirr VIOTORY 
Ry Melvlu M« dekueei, Jr. aud 
Rhurlee T. Haveu 

A DISCUSSION of the future, based on the 
past, from the standpoint of America, 
as the arsenal of peace. Not a complaint, 
but a constructive analysis on which a 
safer, better future can be built. After 
describing Americans military strength 
and weaknesses in all her wars, a future 
plan is outlined. This emphasizes that, 
without becoming a militaristic nation, we 
should ever maintain a nucleus of modem 
war industries and a corps of trained men 
to operate them. Ably written by two men 
who know armament : The first is a Cap- 
tain in the United States Marine Corps 
Reserve and inventor and producer of the 
Johnson light machine gun and Johnson 
Automatic Rifle; second is co-author of 
“History of the Colt Revolver*’ and other 
books on firearms. (246 pages, 5 by 8 
inches, illustrated.) — $2.(k) postpaid. — 
A. D. R., IV, 

DIOTIONARY OF SOIENOE 
AND TEOHNOLOQY 

By Maxim Nawmark, Pk.D. 

H ei.p for translators of scientific and 
technological English, French, Ger- 
man, and Spanish. Author is in the 
Department of Modern Languages at 
Brooklyn Technical High School, also 
does professional translating. Coverage 
embraces 45,000 terms in machine shop 
practice, foundry, electrical physics, radio, 
aeronautics, architecture, surveying, auto- 
mobiles, meteorology, navigation, photog- 
raphy, and others, and each English term’s 
equivalent is given in three other tongues 
including the American. There also are 
indexes for French, German, and Spanish 
technical terms. (386 pages, 6 by 9 
inches.) —$6.10 postpaid.— /f.G./. 

CALCULUS MADE EASY 
By Silviggt P. TbgmpMg 

C lassic work, published early in the 
century, long out of print and now 
fortunately reprinted to meet current de- 
mand for a mathematical crutch book. 
The famous scientist author wrote: “Be- 
ing myself a remarkably stupid fellow, I 
have had to unteach myself the difficulties, 
and now beg to present my fellow fools 
the parts that are not hard. What one 
fool can do another can.” He removed the 
pretentious terminologies from the old- 
fashioned textbook treatment and the book 


was immediately successful. Now again 
available to lonely sufferers with calculus. 
Pre-requisites: Algebra, geometry, trig- 
onometiy. (310 pages, 4)4 by 6)4 inches, 
69 figures.) — $2.10 postpaid. — A.G,I, 

RUN DORS AFIELD 
By Noraet LyHg 

A ny "dog book” by this author should 
need no introduction — its mere men- 
tion, as a product of this writer, will high- 
ly recommend it to all who, for years, 
have known his writings, both in other 
books and as Gun Dog Editor of Field & 
Stream. With the typical L 3 rtle touch, 
this publication speaks eloquently of what 
is deep in the heart of every true hunter. 
Superb drawings by Lynn Bogue Hunt. 
(277 pages, 6 by 954 inches, 30 illustra- 
tions.) — $5 10 postpaid. — A.D.R., IV, 

FROM COPERNICUS TO EINSTEIN 
By Hant Riiebgabagk 

H istory of ideas and discoveries con- 
nected with the relativity theory. 
Short chapters on the Copernicus world 
view, the old ether concept, special and 
general relativity, space and time. (123 
pages, 6 by 954 inches, 11 illustrations.) 
— $2.10 postpaid,— .4.(7. L 

AMERICAN SHIP MODELS 
By V. R. Orlmwgod 

P LANS FOR such picturesquc crafts as a 
gundalow, anchor boy, ^geye, brig o£ 
war, ship sloop, privateer ship, Chesa- 
peake skipjack, and whaling scow, and 
Colonial fishing schooners. Excellent in- 
struction and reference for builders of 
ship models, with chapters on: Construc- 
tion of a Half-Hull Ship Model; The 
Building of a Whole-Hull Model ; Twelve 
American Sailing Vessels; Rigging; 
Gear and Furniture; Tools and Materials; 
and appendices on Recommended Read- 
ings for Ship-Model Builders, Glossary, 
and Index. (187 pages, 7% by 10 inches, 
with 14 diagramatic plates.) —$6. 10 post- 
paid.— R.,IV. 

FUN WITH YOUR MICROSCOPE 
By RgyMund F. Yafit 

P RACTICAL book for beginners using the 
inexpensive ($2.50 to $50.00) non- 
professional instruments of 100 or 200 
powers, nowadays seen in store windowSi. 
It explains microscope principles and tells 
how to Inake ia small water-drop micro- 
scope; how to find, prepare, and mount 
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BOOKS 

specimens ; how to make photomicro- 
graphs and micro-projectors (home-made 
apparatus) ; and, in general, how to get 
started simply and inexpensively by mak- 
ing one’s own accessories. Short but all- 
around. (150 pages, 5 by 7^4 inches, 72 
illustrations. ) -^.10 postpaid.— .G./. 

JULU YMIII 
By Bifiit N. Wattif Jr. 

L IPS story of an author who needs no 
introduction to readers older than 
about 35. Contains a list of the **£xtra- 
ordinary Voyages” (story titles) 1863- 
1905. How many of these stories did you 
once read, and how would you like to 
read them again! (223 pages, 5^ by 
8^ inches, 12 illustrations.) — $2.60 post- 
paid. — A,GJ, 

BXCBBmi INTBBNATIONAL CODE 
•F SIBNALS 

W ITH SPECIAL Navy flags and pennants, 
in color, this is the standard guide in 
meeting signaling requirements of Li- 
censed Deck Officers’ examination and 
qualifications as signalmen. Contains sec- 
tions on general and Morse methods of 
signaling; flag, flashlight, and sound sig- 
nals ; the semaphore alphabet ; sample 
pages from the Berne List, Lloyd’s Regis- 
ter of Shipping ; signal letters of the 
United States Merchant Marine, call let- 
ters, ship’s name, particulars of classifi- 
cation, ownership, and other data. Invalu- 
able for men in Navy, Coast Guard, or 
Merchant Marine service; an excellent 
reference. Paper covered. (88 pages, 55^ 
by 8^ inches.) — $.55 postpaid. — A, D,R, 

BED CROSS HOME NURSIBQ 
By Lona L Tratt, R. B. S. 

T he American Red Cross standard text- 
book. Most recent of numerous editions 
and the result of much experience. (431 
pages, 5 by 7f4 inches, illustrated.)— $.70 
postpaid, paper. $1.20, cloth. — A.G.L 

MIRACLES OF MILITARY MEDICINE 
By AIImiI Q. MilMl 

A bout the drugs, devices, and tech- 
niques used in the services. Shock, 
the ex-killer; Dr, Trueta’s closed plaster 
treatment of compound fracture ; Dr. 
Moorhead’s electric bullet locator; new 
treatments for burns; plastic surgery for 
the defaced; toxoids for tetanus; brain 
surgery ; atabrine for malaria, sulfa 
drugs; new magic of local anesthesia; 
flying doctors. A popular account. (373 
pages, Sy 2 by 85^ inches, unillustrated.) 
— $2.85 postpaid. — A,GJ. 

THE HORMONES IN HUMAN REPRODUCTION 
By Qtergf W. Ctriitr 

B asics of human reproduction, with a 
comprehensive account of the nature 
and function of hormones in its processes. 
This is not, however, one of the current 
sexology books; rather it is a book for 
those interested in the reproductive phen- 
omena of the organism as biology. The 
treatment would be light reading for 
biologists ; normal reading for others 
having studious habits; a bit hard going 


sm UF 10 70 % 

II TECIIICIl BOIES 

Many of Those Titles 
Reduced for the First Time 
QUANTITIES LIMITED — ELACE YOUR ORDER NOW 


Title 

Author 

Pub. OUR 
Uihor*tSPBaAL 

Air Raid Precautions 


Ptin PUC8 

. . . i3.00 <1.75 

Planned Air Raid Precautions 

Tecton . . . 

. . . . 2.50 

130 

Wartime Building Construction . . . 


. . 4.00 

2.00 

Home Guard Training Manual . . 

Langdon-Davies 2.50 

1.75 

Home Guard Fieldcraft Manual 

Lan^on-Davies 2«50 

1.75 

German for Chemists 

De Vries 

. . . . 3.00 

1.50 

Chemical French 

Dok 

. . 4.00 

2.00 

Technical Analysis of Ores and Metal 
lurgical Products 

Hilk 

. . . 3.00 

130 

Reinforced Concrete Construction . . 

. Cantell 

. 3.00 

1.50 

Embalming Fluids .... 

Mendelsohn 

. . 4.00 

2.00 

Hair Dyes 

. Redgrove 

5.00 

2.50 

Magnesium 8C Its Alloys 

. Haughton 

. . . 1.50 

.75 

Leather Finishes 

Mudd 

. . 4.25 

2.25 

White Shoe DreMingi 

John 

. . . . 4.25 

2.25 

Canning Practice & Control 

Jonei . 

. 10.00 

5.00 

Portland Cement 

Meade 

. 10.00 

5.00 

Asthma 

Vender 

.. 130 

.75 

Catarrh 

Vender 

. 1.50 

.75 

Photography for Profit 

"Nettei” . 

2.00 

1.00 

Air Raid Defense . . 

Wachtel 

. . . . 3.50 

2.00 

Civil Defense 

Glover 

. 1630 

8.25 

Physical Chembtry 

Mee 

10.00 

6.00 

Short Organic Chembtry 

Taylor 

4.00 

2.50 

Properties of Matter 

Shorthose 

3.00 

1.75 

Portrait Photography 

Williams 

6.50 

4.00 

Wood) Lumber & Timber . 

Haywood 

10.00 

5.00 

Vambh Making (A Symposium) 

6.00 

3.00 

Book of Diamonds 

Hershey 

. . 2.00 

1.00 

Technology of Solvenu 

Jordan 

10.00 

5.00 

Utilbation of Fau 

Dean 

. . . 6.00 

3.00 

Chromosomes . ... 

White 

. 1.50 

.95 

Structure of Meub dC Alloys 

Hume-Rothery 1.75 

1.00 

Insulin 

Howitt 8C 

HiU 6.00 

4.25 

Weather Prediction . . 

Lester 

4.25 

2.50 

Rancidity in Edible Fats 

. Lea 

. . 4.00 

2.50 

Textile Testing . 

Skinkle 

3.00 

1.75 

The Cyclotron 

Mann 

1.50 

1.00 

Proctor’s Leather Chemist’s Pocket.book 

Atkin 

6.00 

4.00 

Fruit Pectins 

Hinton 

1.75 

135 

Cosmetic Formulary . . . . 

Bennett 

3.75 

2.50 

Food Industries 

Vulte dC Van- 



derbilt 

3.50 

1.75 

Dipole Moment dC Chemical Structure Debye . . . 

... 5.00 

3.75 

Overseas Trade Export Practice . 

MacEvan . 

. . 5.00 

330 

Study & Teaching of Spanish 

Peers . 

. . . 3.50 

230 

Preparation of Planution Rubber . . 

Morgan 

. . 8.50 

6.00 

Scientific Appliances 

Carlbie 

3.25 

1.25 

Jute and Substitutes 

Chaudbury 

8.50 

6.00 

Coal Tar Colors 

Clarke 

. 3.75 

235 

Qualitative Analysis 

Moodey 

4.00 

2.50 

Ideas of Physical Chembtry 

McKay . 

. 6JOO 

3.50 

(To above prices add 10 cents domestic postage for each book 

1 # 

For foreign postage add 35 cents for each book#) 
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Editors 

Recommend 
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PLASTICS By J. tt* Dub^U* Mrety Information 
on the whole general aubjeet of plaatioa, preaented 
in narrative form lor easy reading* Tabulations of 
properties of plastics* plus basic design information, 
for laymen and teohnloians alike. $3.10 

EXPERIMENTAL ELECTRONICS •— By Ralph 
a, MuUar, R. L, Carman, and M, C. Droe. 
A solid book of eminently practical information on 
the characteristics and non<communleation applica- 
tions of electron tubes. The text describes experi- 
ments and presents results. For students, radio 
engineers, communications experts, and the aerious 
general reader. $4.75 

HOW TO READ ELECTRICAL BLUEPRINTS — 
By Ciihart M» Haina and Carl B, Dunlap, A 
chapter on how blueprints are mads, plus nine other 
sections, each of which is devoted to a speeiallaed 
part of the electrical field, from bell and signal 
wiring through motor control diagrams to power 
station blneprints. $8.10 


GET TOUGH! — By Capt. W, E. Fairbairn, 
How tO'Win-in-hand-to*hand-figbting directions, by s 
man who really knows rough-and-tumble methods 
that are not **clean** fighting but ere designed to 
win. $1.10 


A COMPREHENSIVE SMALL ARMS MANUAL — 
By C.harlao T* ttavan. Prepared to acQuaint State 
Guards, Regular Police Depts., Coast Guard Auxil 
lartea, Plant Guards, Auxiliary Police Depts., and 
civilians with the operation, care, and limitations 
of weapons at present available for these types of 
defense and protective units Discussion of all types 
of military and sporting rifles, shotguns, submachine 
guns pistols, and revolvers, as well as their care, 
use, and ammunition. $1.60 

TECHNIQUE OF PLYWOOD — By Charlat B, 
Norri», Tscbnical Information on all phases of ply- 
wood manufacture and uas, compiled for snginssra, 
designers, end users of plywood. Importsnt to 
many phases of wartime houeing and mnoofactnrfaif 
problems. $2.80 

FUNDAMENTALS OF RADIO — By Jardan, 
Ootarhrach, Fumphary, and Smaby. With this 
one volume alone, and with tome diligence of epplioe 
tion, it is possible to obtein e thorough grounding 
in radio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, this 
book is outstanding. $5.10 

POPULAR MATHEMATICS — By Donning MUlar, 

Anodyne for those who have mathematical indtgcs 
tion. Ground treated is arithmetic, geometry, algebra, 
analytical geometry, trigonometry, conic aetSlJons, 
solid geometry spherical trigonometry, calrulUa. The 
coverage is nut complete, it is lather. a coliileral 
book and good friend $3.85 

ELEMENTS OF ORDNANCE — A textbook pre- 
pared for cadeta of the United States Military Acad- 
emy. Covert manufacture, the ohemiatry of explosives, 
types of weapons, mathematics of ballistics, etc. 

86.60 

AIRCRAFT INSTRUMENTS — By Caorge EUit 
Irvin. All types of iaatrumeota for aircraft use de- 
•cribed for etudents, pilote, inepectogg. Fundamentals, 
iBatnietions. $8.10 


PLANE TRIGONOMETRY MADE PLAIN ^ by 
Aibart B, Cargan, The emphasis in this book, by 
an author who has tried to make the subject as 
painless os possible, is on practical applications rather 
than on mental gymnastics. A good book for the, 
home user who wants to brush up on trig. $2.85 

MACHINERY*8 HANDBOOK— ElnwwsiA Edition. 
**Blblt of the mechanical induauy,’* enlarged to 
1813 pagee of latest etaadarde, data, and information 
required daily in- the shop and drafting room. 

$ 6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS — 
By Jahm Strong, FhM. A wealth of ueclul data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. 86.80 

STEEL SQUARE POCKET BOOK — By Dtvight 

L. Stoddard. Practical methods of using the ear- 
pentpr'e^ steel square for layout work of all kinds. 
Time-tried methods used by two generations of ear- 
pentere and found both rapid and accurate. 81.00 

NORTON«S STAR ATLAS AND TELESCOPIC 
HANDBOOK — * By Norton and ingUt. An old 
standby and moat commonly uaed atlas for telescopes 
without setting circles. 18 maps and 65 pages of 
compact notea and tablet. $8.00 

WORKING WITH THE MICROSCOPE — By 
Julian D, Carrington. For the serioua beginner. 
Explicit, practical. $3.60 

TOOL MAKING — By C, B. Cola. Instructions for 
making and uaing all kinds, from personal tools to 
arbor presses, lathes, planers, etc., in different metals. 

$3.60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl. A well-written account of this neweit 
tool of aolence, with all technicalities explained for 
complete understanding by average persons. $3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK — By Cranmont and Hanuml. More knots 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of 
.1257 knots are illustrated in half-tone reproduction 
and are described in the test. $5.10 

PLANT PROTECTION — By E. A. Shurmnn. 
All information neceatary for thoie who would es- 
tablish or belong to a plant protection group. 

$ 2.10 

A MARRIAGE MANUAL — By Hannah M. Stoma, 

M. D., and Abrnhnm Stonn, M.D. A practical 
guide to sex and marriage, covering fitness for mar- 
riage, mechanism of reproduction, prevention of con- 
ception, and eimilar vital aubjeets. Answers questions 
most often asked these autbora by their consultants 

$2.95 


PLASTICS, PROBLEMS AND PROCESSES — By 
Mangporgar and Pmppar. The whole story of plas- 
tics. including a resume of manufacturing processes 
and a number of thorough -going chapters devoted to 
plastic uses. $3.10 


AUTOMATIC ARMS — By Mmlvin M. Johngon 
and Charlag T. Havmn. Comprehensively covers 
machine guns, machine riflea, sub machine guns, 
porket pistols, shotguns, sporting, military rifles in 
automatic classification. $5.10 

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS, Practical working manual for 
commissioned, non commissioned officers. $.50 

handbook of CHEMISTRY AND PHYSICS — 
A classic reference book recently revised and brought 
iip-to date to keep pace with recent research. In 
eludes material on all branches of chemistry,^ physks, 
and allied aciences. Uaed in laboratoriea * and by 
engineers throughout the country. Flexible binding. 
2503 pages. $4.10 

ATOMIC ARTILLERY — By John Kollock 
Rohartgon. Electrons, protons, positrons, photons, 
neutrons, and cosmic raye, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificial radio- 
activity. $8.38 


BOOKS 

for most others. The author is a noted 
Johns Hopkins anatomist. (265 pages, 5^2 
by 8^4 inches, 56 illustrations.) — ^.85 
postpaid. — A.G.l. 

BASIC PRINCIPLIS OF 
WEATHER FORECASTING 

By Yietor P. Starr 

B ased on modem methods used at the 
Institute of Meteorology, University of 
Chicago, where the author is professor, 
this systematic technical treatise assumes 
a previous knowledge of meteorology and 
is mainly for 26-hour forecasting, but 
five-day methods are not neglected. (299 
pages, 6 by 9^ inches, 126 illustrations.) 
— $3.10 postpaid. — A.G.L 

KNOW YOUR NAVY NOW! 

By Lt. Francis A. Ford U.S.N. (Rot.) 

T hrough question and answer method a 
simple and accurate resume of items 
about the Navy for the average American 
whether in or out of service Seven sec- 
tions cover: Navy Enlisted Men; Ships; 
Your Navy; Navy Expressions; U. S. 
Marine Corps; U. S. Naval Academy; 
Navy Officers. An excellent paper-covered 
pocket guide (84 pages, 5 by 7 inches, 
illustrated.) — $1.10 postpaid. — A. D. R. 

COLLEGE PHYSICS 
By Honry A. Porkins, So.D. 

R evised second edition (unabridged) of 
college textbook whose strong point is 
emphasis on the difficult portions; on the 
old physics instead of modern corpusalar 
physics ; and on principles rather than 
concrete phenomena. In other words, a 
book for those who like to dig under, not 
flit over physics (802 pages, 6 by 9 
inches, 596 illustrations.)— $6.10 postpaid, 
A.G.L 

CLIMATOLOGY 
By Thomas A. Blair 

P rinciples, not of weather science, but 
of climatology, general and regional. 
Temperature, pressure, wind moisture as 
climatic elements ; controls that determine 
regional climates ; climatic variability ; 
climatic influences ; classifications of 
climates — these occupy about one third of 
the book and the remainder consists of 
descriptions, one by one, of the climates 
of the many major climatic regions of the 
earth. Author is Senior Meteorologist, 
United States Weather Bureau. (484 
pages, 6 by 9 inches, 102 illustrations.) — 
$5.10 postpaid. — A.GJ. 

THE OCEANS 

By $v$rdiiip) Johnson, and Floming 

B ig, thick, text-book treatise of the 
science of oceanography from physical, 
chemical, and general biological angles. 
It is simple enough for the tyro but 
sufficiently detailed to satisfy the special- 
ist. Authoritative — the authors are pro- 
fessors of oceanography at the University 
pf California, (1060 pages, 6 by 9 inches, 
272 illustrations and charts.)— $10.15 post- 
paid. — A.G.L 
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ELECTRON “BULLETS’* in the elec- 
tronic diffraction camera are being used 
in the laboratory to study the problems of 
rust and corrosion, as told on page 78 
of this issue. Dr. Gulbransen, investigator 
who is conducting this research, is shown 
in our front cover illustration adjusting 
a gas pressure valve in the tube where 
the “bullets” are formed. 
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50 Years Ago ia 



(Condensed From Issues of August, 1893) 


FIELD THONE — ‘‘Some recent experiment$ abroad by Cap- 
tain Charollois on the use of a held telephone outfit for military 
operations indicate that it has great possibilities as a means of 
communications in the field . . The small magnetic receivers 
can be used as the wire is being paid out on the ground, and 
thus constant communication is kept with the starting point as 
the line progresses. . . Cavalrymen, or infantry on bicycles, 
could establish a line with great rapidity.*’ 

THEN CAME BUSES— “The perfection of the overhead trol- 
ley system has done a great deal to advance rapid transit and 
render it possible for people with small means to live in the 
cheap and generally attractive suburbs. . . It is only a question 
of a few years when the whole State of New Jersey will be 
gridironed with trolley roads.” 

ELECTRIC LOCOMOTIVE— “The first electric locomotive of 
any considerable size in the United States, and what is said 
to be the first practically operative high speed electric locomo- 
tive in the world, adapted to the steam railroad, has recently 
))een completed at the Lynn works of the General Electric 
Company, and will shortly be exhibited at the World’s Fair. . . 
It is a 30-ton locomotive, designed for a normal speed of 30 
miles an hour, primarily intended for operation on elevated 
railways, and for passenger and light freight traffic on less im- 
portant steam roads.” 

OCEAN SPEED — “There are already several ships that can 
cross the Atlantic at an average speed of over 20 knots or 23 
statute miles per hour. The Campania crossed from Sandy 
Hook to Queenstown, on her first voyage in May last, at an 
average of 21.3 knots, and during one day she averaged 22.3 
knots.” 

TUNNEL VENTILATION— “In the important matter of ven- 
tilation, the method resorted to in the tunnel beneath the Mer- 
sey at Liverpool is claimed to present one of the most striking 
achievements. . . At and near the middle of the tunnel are 
openings to a smaller side drift or tunnel running alongside 
of the main tunnel to the shore end, where is fixed a large 
fan, the result being that air constantly enters at the stations, 
which arc thus swept clear of all foul air.” 

LENSES — “The use of lenses has been traced to the Chinese 
moralist Confucius, 748 b.c. A glass case in the Assyrian sec- 
tion of the British Museum contains a piece of rock crystal 
formed into the shape of a plano-convex lens inches in 
diameter and 9/10 incj|i thick. This was discovered in the ruin 
called Nimroud. It a focus of iyi inches. . . The date is 
about' 700 B.c.” " / 

MEifej^AN PROGRipjSSr 7 **Among the notable industrial en- 
terprises recently inaugur^i^ in Mexico is the electric lighting 
of the City of Guadalajara. The plant utilizes the famous 
Juanacatlan waterfalls, which are situated about 18 miles from 
Guadalajara. The Thomson-Houston generators are actuated 
by Leffel turbines, the head of water being 58 feet Three tur- 
bines of 550 horse power arc used. The dynamos for arc light- 
ing have a capacity each for 50 arc lights of 2,000 candle power.” 

INCANDESCENTS— “A number of suits have within the past 
few years been brought by the owners of the Edison electric 
light patents against opposition companies, to enjoin the manu- 


facture and use of incandescent electric lamps. Recently sev- 
eral decisions have been given by the courts, in which the gen- 
eral consensus . . . was in favor of the Edison patent” 

MACHINE GUN — “The long and close competition between 
rival machine guns has resulted in favor of the Maxim. It has 
been decided that hereafter, in the offensive equipment of 
British war vessels, the Maxim gun shall take the place of the 
five-barrel Nordcnfelt and Gardner guns.” 

RIVER TRAVEL — “The Mississippi River has 600 affluents 
whose courses are marked upon the map, and a drainage area 
of 1,257,545 square miles. The traveler embarking upon a steam- 
boat can sail from Pittsburgh, 4,300 miles, to Fort Benton, 
Mont, and from Minneapolis, 2,200 miles, to Port Eads, on the 
Gulf of Mexico.” 


CANAL BRIDGE — “The Manchester Ship Canal was con- 
structed to enable sea-going vessels to reach Manchester, and 
thus avoid expensive railway transfers of freight at Liverpool. 
. . . The most important problem connected with the scheme. 



next to the cutting of the canal itself, was the providing for 
the traffic which exists between the two sides of the river 
Mersey and the I r well. Four roads cross the canal, one at 
Barton, one at Warburton, and two at Warrington, In addition 
to the road bridges, the Bridgewater Canal and five railroad 
bridges, as well as the famous Runcorn Viaduct, cross the 
canal. In the final plans, swing bridges were abandoned and 
high level bridges were substituted. The Warburton Road 
bridge [illustrated] was designed by Mr. E. Leader Williams, 
M. Inst, C.E., and is a fine example of a cantilever bridge.” 

BULLETS — “Experiments made at the Frankford arsenal dem- 
onstrate that a nickel-steel covered, unlubricated cartridge is 
better than the old copper case with lubricated bullet. The 
velocity of the new 220-grain bullet of 30-caliber is 2,000 
feet per second, while the velocity of a 45-caliber, 500-grain 
bullet is only 1,300 feet. ... A small caliber bullet of the new 
type fired at oak timbers placed lengthwise, penetrates 30 inches 
at 30-yards range, while the present bullet will penetrate only 
4 to 5 inches at the same range. Accuracy . , . with the new 
bullet ... is remarkable.” 

PATENT SPEED-UP — “The new Commissioner of Patents, 
the Horn John S. Seymour, deserves praise for his recent efforts 
to bring up to date ^e work now pending in the United States 
Patent Office.” 
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A Flag with 4692OO Stars 



Xhe service flag of the Bell System 
had 46,200 stars on May 1. It has a 
lot more now. Telephone men and 
women are serving with the armed 
forces everywhere. 

Those who are right in the middle 
of the fighting realize especially the 
importance of the telephone job 
back home. 

‘^Tell the gang,” their letters say, 
‘Ho keep on plugging. 


“We wouldn’t have the stuff for 
fighting if the rest of the Bell Sys- 
tem wasn’t sticking to the job and 
pushing through the calls that get 
things done. 

“Takes team-work to win a war — 
especially a big one like this.” 


BELL TELEPHONE SYSTEM 



it Your eonilnuod holp In making only vital calls to 
war-buay eontora la moro and moro oaaonUal ovory day. 
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Smoothly geared 
to duration living 


A home, a headquarters, a stopping-off place 
...The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 



“Don’t expect manufacturers to be turn- 
ing out ‘dream models’ of the ultra-mod- 
ern household appliances you may have 
seen pictured, as soon as the war is over. 
Eventually, we will be having domestic 
peace-time appliances such as had not 
even been thought of before the war, but 
not immediately.” R. C. Cosgrove, Vice 
President, The Crosley Corporation. 

• • 

"/t is probable that many types of mili- 
tary aircraft could be converted to in- 
efficient commercial usage. . . . But, de- 
spite the appearance of immediate saving 
in initial cost, the attempt to utilise con- 
verted military aircraft on any appreci- 
able scale in this country or on our prin- 
cipal tvorld trade routes would be a gross 
mistake/' Colonel Edgar S. Gorrell, 
President, Air Transport Association of 
America. 

• • 

“We have been urging our people on the 
B & O to think of their railroad as a war 
production industry in the first rank — 
and of themselves as war workers. . . . 
We have asked them to exercise care, to 
work safely to avoid injury to themselves 
and to others and we ask the older em- 
ployees to assist the new and the inex- 
perienced.” Roy B. White, President, 
Baltimore and Ohio Railroad Company. 

• • 

‘7 think the time for merely speculative 
Post-war planning has passed. The time 
for designing is here. Our primary pres- 
ent task is to attend to the preliminaries 
— the legal and financial phases of public 
construction, the acquisition of sites and 
the advance of engineering — so employ- 
ment will be immediately available when 
the war ends.*' Major General Philip B. 
Fleming, Federal Works Agency, 

• • 

“The need for more and better highways 
and what we term farm-to-market roads 
is recognized as vital and essential to the 
continuing progress and growth of our 
nation. ... A road-building program, if 
carried out under the contract system, 
will in no way detract from or hinder 
private enterprise.” Arkansas Senator 
John L. McClellan. 

• • 

**The public in general seems to believe 
that ive have many neiv implements of de- 
struction and defense. But have wef Are 
not the ships, submarines, guns, planes, 
tanks, and ammunition used in this war 
the same as those we used in the last 
great war, except for improvements in 
design and effectivenessf Our only new 
iveapon is radionics T Commander E. F, 
McDonald, Jr., President, Zenith Radio 
Corporation. 

• • 

“Whenever an important discovery or in- 
vention is made it has usually been fore- 
seen for 10 or 15 years. This can be 
proven by a number of instances out of 
the development of radio. One of these 
proofs was given a couple of weeks ago 
by an announcement of Radar made by 
the Army and the Navy.” Dr. E. F. W. 
Alexanderson, Consulting Engineer, Gen- 
eral Electric Company. 
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INVASION COMMUNICATIONS 

The Jobs of the Signel Corps ore Maoy and Varied 

RICHARD L. SIGERSON 


MILITARY security prevents 
revelation of detailed facts concern- 
ing the Signal Corps role in in- 
vasion of a specific country or area. 
The following article, based on 
North African and other opera- 
tions, therefore represents a com- 
posite story with facts taken from 
a number of Signal Corps opera- 
tions ascribed to the African in- 
vasion in order to portray fully 
the functions of the Corps without 
revealing information which would 
be of value to the enemy . — The 
Editor, 


T he group of soldiers moving silently 
shoreward in the steel -armored inva- 
sion launch hours before dawn were tense, 
absorbed in the thoughts of men enroute 
to a rendezvous with violence. 

Perhaps through the thoughts of some 
ran the phrase that is both code and 
slogan in the United States Army Signal 
Corps : “The difficult we do at once ; the 
impossible may take a little longer.” The 
“difficult” now was to precede an army of 
Allied soldiers in the invasion of an im- 
portant North African city. They were 
to establish and hold communication 
beach-heads that would complete the ner- 
vous system for directing, coordinating, 
and controlling the invading assault 
troops scheduled to land in exactly seven 
hours. 

The invasion barge bumped against the 
sandy beach. Its powerful marine motor, 
the muffled underwater exhaust burbling 
softly, continued to drive the screw, 
holding the blunt prow of the craft firm- 
ly aground. Several Signal Corps men 
leaped into the water and struggled 
through knee-deep surf to dry land where 
they spread out to scout the beach and 
act as sentries. The remainder of the crew 
swiftly unloaded the barge of its cargo 
of wooden chests and reels of telephone 
wire. 

For weeks these picked men had studied 
detail maps of the coastline ; while aboard 
the transport they had rehearsed tire- 
lessly each phase of the work to be done 
in the next few hours. Now, working' in 


twos and fours, they picked chests and 
reels out of the small mound of equip- 
ment put ashore from the invasion boat, 
carrying some deeper inland and others 
along the beach to the right and left. 
A sergeant and an enlisted technician 
seized a particular chest from the pile 
and started inland. The maps listed a 
small knoll rising up from the beach in 
this direction, several hundred yards 
from the shore line. As they approached 
this point a low voice hailed them. It was 
one of the Signal Corps scouts. 

He led them to a spot he had already 
picked out. Unsltnging shovels, they 
quickly dug a niche in the embankment 
large enough to conceal a field telephone 
switchboard and its oi)crator. The lid 
of the chest was swung back, a stunted 
switchboard lifted out and set into place. 
While the erstwhile sentry removed other 
articles from the chest, including a 12- 
pound leather encased portable field tele- 
phone, a kit of repair and wire-splicing 
tools, tape, and wire connectors, the 
sergeant and private trotted back for 
more equipment. Presently they returned 
with a reel of rubber covered telephone 
wire. Wire ends were connected to the 
switchboard, a carrying rod inserted 
through the center of the reel and they 
trotted oflP again, stringing wire from the 
spinning reel toward the harbor. 

W HILE these men were setting up the 
first field switchboards, others were 
busy in other directions. Some dug fox- 
holes that would later be used for ad- 
vance observation and gunnery posts, 
while some strung telephone wire along 
the ground leading to these foxholes. Still 
others ran lines far down the beach, 
working stealthily to avoid prematurely 
alarming the defending forces. Portable 
radio transmitters and receivers were 
set up to complete the semi-circular com- 
munications network that extended from 
the projected spearhead of the attack 
at the central landing point to embrace 
outlying flanks on either side. At one 
point. Signal Corps men stumbled upon 
a stone building where 75 sleeping enemy 
troops were quartered. They quietly en- 
tered the building, disarmed the men and 
took them prisoner. A guard was mounted 
over the captured soldiers who moved 
them into a nearby railway building, 



their original quarters being later turned 
into a Signal Corps message center. The 
contingency of encountering enemy forces 
was neither welcome nor unexpected. 
But it was a contingency that would 
not be permitted to interfere with setting 
up, within the alloted time, a communi- 
cations system by which the main body 
of assault troops and armored units 
could be controlled and directed .when 
the battle began. 

As day broke a few hours later, the air 
screamed with the cataclysmic sounds of 
bursting shells and heavy cannon, which 
momentarily receded only to well up 
again in greater volume when giant ship 
rifles found the range of new targets. 
During these lulls the coughing grunts 
of tanks furrowing tracks across the 
sandy beach and nosing their way into 
barricaded city streets mingled with the 
staccato of machine guns and the sharper 
spat of infantry light arms. The Signal 
Corps had fulfilled its initial assignment 
and the struggle for the African city was 
on. 

These were the noises all present heard. 
But the air was crowded with other 
sounds: The shrill notes of radio code 
and the cryptic clearness of military 
orders broadcast over close-talking, spe- 
cially-designed microphones of the Signal 
Corps. Hundreds^ of radios, in as many 
jeeps, tanks, reconnaissance cars, fighter 
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plan^s, bombers, and big-bellied trans- 
ports, loaded with paratroopers, spilled 
their messages into the tumultuous morn- 
ing air. Submarines on underwater patrol 
along the perimeter of the invasion ar- 
mada added to the radio hubbub. The im- 
port of these messages, plus those carried 
over telephone lines, was translated by 
message centers, sorted, and sent along 
to the final' destination. That destina- 
tion might be the commanding general's 
field headquarters, or a concealed one- 
man observation post in a section yet to 
be won from the enemy. 

If communications lines make up the 
nervous system of an army, the message 
center is the brain controlling the im- 
pulses of that nervous system. It is at 
the message center that all messages, 
orders, and progress reports between the 
field and operational headquarters are 
picked up and relayed to the proper re- 
cipient It is here that priorities and 
routes are assigned to incoming and out- 
going messages. Security and 
speed of transmission are the ^ 
two primary considerations. 

A message center chief, per- 
haps an enlisted man, may 
hold up an important order 
from the commanding officer 
while clearing telephone lines 
to handle the message, instead 
of sending it immediately by 
radio. Radio transmission is 
usually rapid, but from the 
viewpoint of military security, 
it is less safe then telephony. 

Enemy monitors may sit be- 
hind their own lines and tap 
any available radio frequency, 
but to tap telephone wires 
they must locate the conduc- 
tors and then tie in their own 
listening apparatus. 

T o AVOID overcrowding and 
confusion on the available 
wave bands of the radio spec- 
trum, Signal Corps radios are operated on 
so-called “nets.” Assume an attacking 
Allied force composed of tanks and 
armored units, artillery, motorized in- 
fantry, anti-tank and anti-aircraft bat- 
teries, and a squadron of interceptor 
planes. The radios in one or more of 
these combat groups would be set on a 
predetermined frequency, achieving an 
effect akin to that of a party-line tele- 
phone service. There you have a radio 
net Unlike the party-line service, radio 
nets afford facilities for two or more 
communications simultaneously. A simple 
illustration of this may be found on a 
standard home radio receiver by tuning 
in a station carrying a news broadcast 
with a background of Morse code. Both 
arc dearly audible to the listener. 

In Africa, as in all military land op- 
erations, communications lines were 
geared to keep pace with all units of the 
Army, and advance observation posts 
established far out ahead of the foremost 
troops. As the Allied army threw its ar- 
mored net around and drove steel columns 
into the city, the Signal Corps advanced 
its control network of communications 
lines, assigned more radio nets as ad- 
ditional forces left the transports to par- 


ticipate in taking the city. Complete radio 
and telephone message centers, mounted 
on trucks and manned by trained op- 
erators, also came ashore to aid in keep- 
ing all units of the indriving Army fluid 
and immediately responsive to changes in 
tactics made necessary by the changing 
tactics of the defenders. 

An example of the role of the Signal 
Corps may be seen from the following 
messages : 

“Post 9 reporting. We arc being held 
up. Enemy forces are strongly entrenched 
in three concrete buildings fronting our 
positions. Our firepower is too weak to 
penetrate their defenses. . . 

The message is received at field head- 
quarters. Two minutes later a carrier- 
based observation plane appears and 
circles above Post 9. In the forward gun 
turret of a destroyer lying off the har- 
bor, a message from the fire control 
bridge comes over the gunnery officer's 
earphones. “Cease firing,” he orders. A 





Throughout the day over the entire battle 
area, similar incidents are repeated and 
multiplied. Ammunition is rushed from a 
transport to a howitzer battery. Wounded 
men are carried to a protected area in 
the central harbor docks where an in- 
vasion barge is waiting to carry them to 
dressing stations aboard a battleship. A 
field kitchen grinds off a landing boat 
with hot soup and food for 600 hungry 
men in the central sector. The battle is 
going well. All the Army's parts are 
operating smoothly and efficiently, due 
in no small part to the efficiency of the 
communications system. 

Two tested wheel-horses of the Signal 
Corps are the teletypewriter, which op- 
erates over telephone wires, and the 
photo-electric radio transmitter. In the 
case of the teletypewriter, an operator 
sits at a keyboard only slightly different 
from that of a typewriter. As he types, 
a narrow paper tape feeds tlirough a per- 
forating attachment which punches tiny 
holes in the tape. When the 
message is ready to send, the 
tape is merely fed into a 
transmitter and impulses are 
transmitted along telephone 
wires to other printers which 
duplicate the perforations in 
the original tape, or type out 
the message on rolls of paper, 
as desired. If required, an op- 
erator may send by “direct 
keyboard.” In this the tape is 
not used, but electrical im- 
pulses set up when the op- 
erator strikes the letter keys 
are transmitted to receiving 
machines, causing these to 
type out the message. 


Wl 


Feep ond trailer lay o jungle 'phone line 

moment later the range of the new target 
reaches fire control from the plane, is 
relayed to the gunnery officer. The for- 
ward turret swings five degrees to star- 
board, the rifles dip a fractional measure- 
ment and resume firing. Five minutes 
later there is a minute change in range, 
the guns are now pounding the second 
building of the three that have been hold- 
ing up Post 9's progress. They then 
shift to the third building. Meanwhile, 
the commander of a corps of General 
Grant tanks is ordered to dispatch a tank 
to Post 9 to lead an infantry attack on 
the three buildings when the shelling is 
finished. Post 10, at the left of Post 9, 
has been encountering little opposition, 
is driving in too fast and exposing its 
flanks. Headquarters orders the 2nd 
Lieutenant in command to detail a 
machine-gun crew and 50 men to the aid 
of Post 9. Post 10 will then dig in and 
hold until Post 9 can move forward. 

Eighteen minutes later Post 9 has 
cleaned out and is occupying the three 
buildings, the observation plane is hover- 
ing over another part of the city, the 
destroyer's guns are firing at a target 
far off on the right flank, and the tank is 
returning to its corps. 


ITH photo-electric send- 
ing, the sound pattern of 
a telegrapher's manually-op- 
erated “bug” is inked, rather 
than punched, on a tape like 
that used in the teletype. 
Tapes may be prepared prior to sending 
by operators working at normal or sub- 
normal speeds. When these tapes are 
transmitted — photo-cells picking up the 
inked images and translating them into 
electrical impulses — the sending speed 
may be stepped up to well over a hun- 
dred words per minute, making it impos- 
sible to distinguish individual Morse sym- 
bols by ear. Recorded by a receiver, 
which operates a high-speed inking de- 
vice to re-establish on a paper ribbon 
the pattern of the original tape, the mes- 
sages are automatically wound up on 
reels and then slowly unwound before 
code operators who transcribe the inked 
pattern into “a-b-c” characters on type- 
writers. 

Although often mounted in mobile mes- 
sage center trucks, photo-electric and tele- 
typewriter sets are used largely in pri- 
mary message centers set up behind the 
front lines in battle areas. It was through 
the primary message centers that close 
contact was maintained between all Allied 
units participating in the invasion of 
Africa, from those attacking at Casa- 
blanca, Oran, and Algiers to the British 
army pursuing Rommel's Afrika Korps 
along the Mediterranean coast toward 
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Tobruk. Primary message centers .also 
link the expeditionary forces with the 
General Staff in Washington, enabling it 
to balance the needs of one war theater 
against those of another, and to plan 
over-all strategy as well as area tactics. 

Hundreds of radio stations, thousands 
of miles of telegraphic and telephonic 
submarine cable and wire are manned by 
the Signal Corps to bring the most far- 
flung tank corps, infantry battalion, or 
battleship within voice range of Com- 
mander-in-Chie£ Roosevelt at his White 
House desk. 

T he complex, carefully-wrought Signal 
Corps with its tremendous responsibil- 
ity to the Armed Forces has what is 
probably the highest concentration of 
specialized talent in the U. S. war 
machine. Not only must Signal Corp^ 
men be soldiers, they must also be able 
to install, operate, maintain, and, often, 
build the innumerable electronic and 
signal devices required in their service 
to the land forces of the Army and the Air 
Forces. 

One of its many tasks is that of in- 
stalling and operating secret equipment 
used in aircraft warning centers. 

Military personnel are at the filter and 
operations boards plotting, on the basis 
of the reports coming in over their ear- 
phones, the course of converging enemy 
planes. Signal Corps linguists working in 
relays sit at powerful radios day and 
night sweeping the entire frequency spec- 
trum to intercept military transmission of 
the enemy. 

One classification of experts in the 
Corps is concerned solely with supplying 
the Army Ground and Service Forces 
with photographic personnel. With their 
movie and still cameras they perform a 
variety of important chores. In one 
instance this may be locating, by camera, 
camouflaged Axis gun emplacements 
which camiot be picked out by eye alone. 
In another, it might be the preparation of 
training films which are an important 
aid in training new men in many branches 
of the armed forces. 

While the Signal Corps man is ubiqui- 
tous where Americans are' fighting or 
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training, he has no monopoly on the use 
of the instruments of his trade. Often as 
not the lone soldier picking his way 
cautiously toward enemy positions with 
a five pound “handie-taUde” midget radio 
will be an infantryman. 

Most popular Signal Corps instrument 
in the Army in this handie-talkie. Origi- 
nally designed for paratroopers, the 
handie-talkie is now in large demand 
by the infantry. Its light weight and 
simple operation contribute to its popu- 
larity. The 36-inch antenna collapses into 
the chassis, automatically turns the set 
on when extended ; slight pressure on 
the grip permits two-way conversation. 
The handie-talkie may be easily pre-set 
on any one of two dozen frequencies. 
Operated in nets, interchangeable fre- 
quencies permit innumerable sets to be 
used within range of each other by dif- 
ferent units, such as reconnaissance, ar- 
tillery, and paratroopers, without jam- 
ming or causing confusion. 

Similar to the handie-talkie, but weigh- 
ing 26 pounds and affording a much 
greater sending range, the “walkie-talkie” 
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is the next step up in portable field 
radios. Carried on shoulder straps like a 
pack, the walkie-talkie is really a grown- 
up radio and, when used in conjunction 
with a hand generator, transmits signals 
an impressive distance. 

Wire and cable, for both telephone and 
telegraph circuits, however, are still the 
bone structure of the Signal Corps, These 
channels provide the greatest security 
for confidential transmission and are least 
subject to enemy interference. 

Signal Corps wires are now laid, usu- 
ally by jeeps and trucks, at high speeds. 
A most interesting wire is the new rub- 
ber-covered cable called the “Spiral-4.” 
Spiral-4, developed by Western Electric 
Company and Bell Telephone Labora- 
tories, consists of four spiraling wires 
that accommodate three telephone and 
four telegraph circuits for simultaneous 
transmission. Manufactured in quarter- 
mile lengths, the ends of each are fitted 
with weather-proof connectors to give 
the desired length of unbroken cable. 
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The new connectors speed up the laying 
of wires as they eliminate splicing. 

Prominent military feature of the 
Spiral-4 is the greater degree of security 
it offers. The seven telephone and tele- 
gfraph messages cannot be piped directly 
into the cable. If tliis were done they 
would become hopelessly garbled. Instead, 
an electronic instrument at either end of 
the line first generates “carrier” currents. 
These currents, cousins to the familiar 
radio wave, retain their identity while 
intermingling freely in an electrical cir- 
cuit. The individual messages are super- 
imposed on the carrier currents by the 
terminal mechanism and ride through the 
cable pickaback. At the receiving end, the 
electronic device tosses the carrier current 
into the discard and guides each signal 
into its own pair of telephone wires. 

Even if the enemy located Spiral-4 
military lines and tapped them, he would 
get nothing for his dangerous efforts but 
an unintelligible mixture of squeaks and 
squeals in his headphones. 

Mentionable duties and the apparatus 
for fulfilling those duties in the Signal 
Corps convey only a fraction of its war- 
time story. The “unmentionables” make 
up the most thrilling chapters in its cur- 
rent service record, a record which will 
be generally known and fully appreciated 
only after the Signal Corps has circled 
the globe with its network of communi- 
cations lines and established primary mes- 
sage centers in Tokyo and Berlin. 

• 

PRESENT perfection of equipment used 
by the United States Signal Corps is a 
triumph of technical research, often per- 
formed under pressure of immediate de- 
mand, but likewise often with a solid 
background of long useage under field 
conditions* An example of such long use- 
age is found in the field telephone, men- 
tioned in the first paragraph on the *‘50 
Years Ago, . . page in this issue* As 
far back as half a century ago,' the mili- 
tary forces were experimenting with this 
means of communication and were devel- 
oping methods of laying telephone cables 
at high speed. — The Editor. 
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Industrial Blasting 

Ttchnoiogicai Progress Reveals New Uses for Dynamite 
as Well os New Dynamites that are Safe, Controllable 


FRANK J. BYRNE 

i. I. dv Pent lie Nemevrt «Nidl Cempmy 


A rrsE this war is over the production 
of industrial explosives— ^is differ- 
entiated from military explosives — ^in the 
Unit^ States will probably be pointed 
to as one of the great fxmdamental ac- 
complishments responsible for the crush- 
ing superiority in battle materials which 
made the victory possible. The output 
of these explosives this year 
will likely reach more than 
500,000«000 pounds, which is a 
record. They are the force be- 
hind the enormous production 
of coal and metals. Without 
them, mining could never de- 
liver vital products in the 
quantities required. They add 
a factor of speed and effi- 
ciency in providing the mate- 
rials for building roads, can- 
tonments, air fields, and other 
projects. 

For example : Steel, con- 
sidered the index of business 
in this country because next 
to farming it is our greatest 
single industry, is dependent 
upon explosives for the pro- 
duction of its finished product. 

In the extensive pit mines of 
the Mesaba Range in north- 
ern Minnesota, explosives arc 
used to loosen up the iron 
ore so that it can be handled 
by the steam shovels. In the 
bituminous mines of western 
Pennsylvania, explosives arc 
used to break down the coal 
to be made into coke for 
the reduction of this iron ore. 

In the big quarries of the 
lower Michigan Peninsula, ex- 
plosives are used to blast out 
solid limestone, which is subsequently 
crushed and shipped to the furnaces where 
it is used for a flux with the coke and 
the ore for the manufacture of iron and 
steel. 

The ships and cars which convey these 
raw materials to the steel mill are moved 
by the energy in the coal blasted down 
by explosives. Not only arc railroad 
trains and tracks, ships and engines, 
bridges and highways, buildings and 
automobiles, constructed from the metals 
or the stone produced by the aid of ex- 
plosives, J>ut many familiar articles of 
everyday life also are dependent at some 
stage on explosives for their economical 
production. 

The United States normally uses more 


industrial explosives than all Europe com- 
bined. In an ordinary year about 350,- 
000,000 pounds of various kinds of dyna- 
mite and 60,000,000 pounds of black pow- 
der arc employed for commercial pur- 
poses in the United States, whereas only 
about one tenth as much is used in Great 
Britain. 

With the country at war, and victory 
hanging on our efforts to turn out metals 
for the tanks, cannon, bombs, airplanes, 
ships, guns of all kinds, and other im- 
plements of battle, it is a matter of su- 
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preme importance that there be no short- 
age of industrial explosives. Some idea 
of what is being accomplished with them 
can be had by a reference to the produc- 
tion of the great iron ranges in the Middle 
West, mentioned above. In a year of nor- 
mal business, 55,000,000 tons of iron ore 
are produced in the United States. In 
1929, 67,000,000 tons were produced in the 
ranges of Michigan and Minnesota. In 
1942, the total was 91,000,000 tons. It is 
expected that 97,000,000 tons will be tak- 
en out of those ranges this year. An im- 
portant point in connection with this is 
that less explosives were required to 
mine the 91,000,000 tons in 1942 than to 
mine the 67,000,000 tons in 1929. This was 
due not only to improved earth-moving 


machinery and changes in overburden, but 
also to more efficient explosives made 
possible by technological advances. 

And in coal, explosives experts expect 
to see more than 660,000,000 tons mined 
as against the 400,000,000 tons in a nor- 
mal year. 

Construction work has always em- 
ployed important quantities of industrial 
explosives. The building of Boulder Dam 
required more than 10,000,000 pounds of 
dynamite. Not long ago, the construc- 
tion of a water tunnel for New York City 
used 25,000,000 pounds. Canals, highways, 
tunnels, and railroads employ large 
amounts. In building new concrete roads, 
approximately 1000 pounds of dynamite 
are employed for each mile in clearing 
the right-of-way and in supplying stone 
and cement. 

Explosives experts have always used 
dynamite for operations where no other 
agent could be so quickly or efficiently 
applied. Ice jams threatening towns and 
water works have been broken, ditches 
have been dug in the South where it was 
impossible to employ any 
other product because the 
right-of-way ran through 
swamps where logs, stumps, 
and other debris formed ob- 
stacles too great for mechan- 
ical shovels. In those cases, 
the explosives man crawling 
through the underbrush has 
put down dynamite cartridges 
a certain distance apart and 
blasted out a ditch with one 
shot, sending the logs, rock, 
stumps and other impediments 
flying into the air. 

T his “pinch hitting” is being 
done now also to help along 
the war effort. Recently, at a 
strategic airport, it was found 
that the great landing field 
was likely to be menaced by 
floods. Explosives experts used 
dynamite to blast what is 
known as a rim canal, 40 
feet wide and eight feet 
deep, all around the field. 
Lateral ditches were also 
blasted so that the running 
water could be carried away. 
Today, at a saving of many 
man-hours and hand work, the 
landing field is able to oper- 
ate efficiently. In this job, 
350,000 potmds of dynamite 
were employed. 

In another case, a landing area for a 
seaplane base was vitally needed on one 
of the coasts. Dredges could not get out 
the rock. Dynamite experts drilled hun- 
dreds of holes, brought into play their 
knowledge of underwater blasting and in 
a short time had cleared the bottom. 

Because of the need of improving navi- 
gation for heavy ocean going ships, har- 
bors are being deepened, reefs and ob- 
structions blasted out, and adequate 
channels being constructed. On one of 
these jobs alone, 500,000 pounds of dyna- 
mite are being employed. 

In one of the western states, the army 
wished to demolish a bridge over a river. 
The explosives experts placed small 
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charges all throughout the structure and 
detonated them at one time. The great 
bridge fell as if cut with a giant knife. 

The speed with which the “Big Inch” 
can be laid depends in large part on ex- 
plosives. Something like 750,000 pounds 
of dynamite are being used to hwisen up 
the right-of-way and lay this, the longest 
and largest pipe line ever constructed, 
from a point in the Midwest to its East- 
ern terminus. This large pipe line is cross- 
ing 13 rivers. It will go over mountain 
ranges and through valleys. It is esti- 
mated that about 1000 pounds of explo- 
sives will be used for every mile where 
the rock and stone prevent shovels from 
scooping out the earth. 

A highly interesting part of the job is 
laying the pipe line across rivers. Explo- 
sives experts are blasting trenches in the 
bottoms of those rivers. This is one of 
the time-saving and expert techniques 
developed by explosives specialists. With 
the help of lx)ats, barges, drills, dredges 
and other paraphernalia, holes are drilled 
in the right-of-way across the stream 
Cjelatin dynamite which works efficiently 
under water is loaded into the holes. 'I'he 
equipment is moved out of the way when 
everything is ready, and the blast bred 
'Fhe pipe is ready to be lowered as soon 
as the curtain of water and the debris 
which has been hurled into the air have 
(hopped. Section by section, the river is 
thus crossed in a fraction of the time 
possible by any other method. 

Industrial explosives and military ex- 
plosives are entirely different materials, 
although often they are confused in the 
layman’s mind. Military explosives are 
mainly propellants, such as smokeless 
powder, and disruptives such as TNT for 
shell bursting charges, mines, and bombs 
Industrial explosives include dynamite 
and blasting powder, neither of prime irn- 
p()rtance for military purposes as such 

B lack powder is not used as a propellant 
m modern warfare, as the smoke 
])roduced on firing would disclose the lo- 
cation of the gun. Dynamite cannot he 
used as a propellant as its speed of de- 
tonati(m is so great that it would shatter 
the gun. It cannot be iihcd as a bursting 
charge in shells as the shock of shooting 
the shell from the gun would also set olT 
the bursting charge and wreck the gun. 
On the other hand, military explosives 
such as smokeless powder and TNT are 
not adapted for use in mines and quarries 
Not only is it impossible to use dyna- 
mite as a propellant or for shell-bursting 
charges, but dynamite manufacturing 
plants cannot be converted into smokeless 
powder plants in time of war. The only 
ingredients common to both are nitric 
and sulfuric acid. The dynamite manu- 
facturing apparatus is entirely different, 
the processes and chemical composition 
totally unlike that of military explosives, 
and it takes a considerable period of time 
to train the personnel of both dynamite 
and smokeless powder plants in their 
specialties. 

Organized research in dynamite has 
been going on for more than 40 years. 
Workers have studied the needs of the 
various consuming industries and as a re- 
sult have provided a multiplicity of types 


and grades to satisfy them They liave 
developed methcKls for measuring the 
powei of an explosive; methods for de- 
termining quickly and accurately its shat- 
tering and pulverizing power, its water 
resistance, its safety cliarartoristics when 
exposed to shock and flame, the composi- 
tion of the gases produced on explosion, 
and other phenomena. 

Witli the methods developed, as a re- 
sult of prolonged study of the influence 
of various factors on the properties of 
dynamite, it has become possible on short 
notice to design a dynamite combining 
the qualities bc.st suited for practically 
any blasting or mining condition. 

Many problems have been solved and 
great progress has been made as the re- 
sult of this research work. One serious 
problem that confronted the explosives 
industry in the early days was that of 
frozen dynamite. Nitroglycerin, the liquid 
ingredient of most dynamites, has a rela- 
tively high freezing point, around 52 de- 
grees, Fahrenheit. Since many blasters 
have to work in wiiitiy w'eathoi at tern- 
pcratuies far lielow that freezing point, it 
was not uncommon for them to encounlei 
frozen dynamite, which was not only un- 
satisfactory, but also hazardous to use. It 
ixmld be thawed safely by careful, trained 
workers, but the miners and quarrymen 
often used short-cut methods, with fatal 
consequences 

How to solve this problem was not an 
easy task, although it was known that the 
freezing points of liquids could be iow'cred 
by dissolving other materials in them 
The chief difficulty was in finding a com- 
pound that could be added in a relatively 
high percentage without seriously affect- 
ing other essential properties of the dyna- 
mite, particularly its propagating power 
at low temperatures. Research and ex- 
perimental work were carried on for a 
number of years, and many divei se freez- 
ing-point depressants, such as TNT, ni- 
trated sugars, and nitrated polymerized 
•glycerin, were used with some success. 


Although reasonably satisfactory low- 
freezing dynamites w^erc developed in the 
laboratory as early as 1912, the most sat- 
isfactory solution of the problem came in 
1925 with the use of ethylene glycol dini- 
irate as an anti-freeze. This material is 
not added to nitroglycerin, but when a 
mixture of ctliyicnc glycol and glycerin 
is nitrated, the resulting product has a 
veiy low freezing point. Frozen dynamites 
liave thus ceased to be a problem to ex- 
plosives users even in locations where 
temperatures range as low as 40 to 50 
degrees below zero. Anti-freeze protec- 
tion for dynamite — and for automobile 
ladiators, too — is achieved with ethylene 
glycol, although it is applied in different 
ways. The two innovations came prac- 
tically in the same year, 

N ext to nitroglycerine, the most impor- 
tant explosive ingredient of dynamite 
IS ammonium nitrate. Certain types of dy- 
namite— many of them used in coal min- 
ing — contain up to 80 percent of this in- 
gredient. It was discovered that, by 
varying the size of the grains of ammoni- 
um nitrate, the velocity of detonation can 
be controlled. In other words, by using 
fine particles, very fast explosives of higli 
shattering power are obtained ; conversely, 
by using coarse grains, the dynamite is 
much slower and of low shattering power 
This was a discovery of great practical 
significance, since it allowed the produc- 
tion of low' -velocity permissibles to bring 
down coal in large lumps, and high-vel<x'- 
ity dynamites for use in hard rock where 
fine fragmentation was desired. 

During the period under review, nitro- 
glycerin has declined in importance as an 
ingredient of dynamites. It has gradually 
been replaced by ammonium nitrate, even 
though, on a weight-for-weight basis, the 
replacement material has only about 70 
percent of the blasting energy of nitro- 
glycerin. But ammonium nitrate is less 
expensive and much less sensitive. Its use 
has made imssiblc dynamites that are levs 
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Dynomite offers economy in demolishing buildings, stocks, ond so on 


hazardous to manufacture, handle, and 
use; moreover, consumers have' the bene- 
fit of lower cost per unit of energy. 

Research development reached a new 
high point in 1935 with the introduction 
of “Nitramon’* blasting agent, which con- 
tains a high percentage of ammonium ni- 
trate ; no ingredient of this /product is ex- 
plosive by itself. “Nitramon” is insensi- 
tive to the action of a commercial blast- 
ing cap, to shock, friction, or the impact 
of a rifle bullet To explode it one must 
employ a booster charge of a more sensi- 
tive material. Actually, it is the safest 
blasting agent available, although it is 
equal strength to the most powerful 
dynamites. It is particularly suited for use 
in large-scale quarry operations, and a 
special type, “Nitramon” S, has been in- 
troduced successfully for seismic explora- 
tion work. 

A nother problem of long standing 
concerns the manufacture of dyna- 
mites that will produce a minimum of 
noxious fumes on explosion. The explo- 
sive power of dynamites comes from their 
almost instantaneous expansion from a 
solid mass to a very large volume of gases, 
conceivably a ten-thousand-fold expan- 
sion. When charges of dynamite are ex- 
ploded in confined spaces underground, 
as in mines or tunnels, it is important 
that the fumes resulting from the blast 
shall be as free as possible from poison- 
ous effects on the men as they return to 
the working faces. 

The major portions of dynamite com- 
positions consist of carbon, nitrogen, and 
oxygen-containing compounds in proper- 
ly-balanced proportions. Years of re- 
search were spent in the laboratory and 
in mines and tunnels before properly- 
balanced explosives for underground use 
were designed and produced commer- 
cially. But the results are exemplified by 
the fact that improved dynamites are be- 
ing used to drive big-bore tunnels through 
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which water flows from far-distant reser- 
voirs to supply the vital needs of our 
large cities. It would have been impracti- 
cal and unduly hazardous to construct 
such tunnels, if chemical research had not 
made possible more suitable dynamites 
for the purpose. 

This research work, in addition to the 
extraordinary manufacturing skill dis- 
played and the wide-flung activities of 
technical men in the field, examining 
every possible practical application df in- 
dustrial explosives, has developed a body 
of specialists who are today doing the 
biggest job of their career. Despite huge 
war demands, explosives in the quantities 
required are ready for the job. There is 
no shortage of these vital materials. 
Moreover, they are being forwarded to 
users with practically no delay and with 
the minimum use of priorities. 

• • • 

VEST-POCKET AUTOMOBILES 
Futurg Gars to bo 
Small aad Light 

P osT-WAR automobiles will be smalt, 
light-weight editions fueled by high- 
octane, heavily-taxed gasolines now avail- 
able only for military aircraft and motor- 
ized equipment. Po.st-war manufacture of 
100-plus octane gasolines will force engi- 
neers to design Diesel engines which will 
get the utmost out of low-cetane fuels 
for railroad, marine, long-distance and 
air cargo, and construction service. 

These predictions for the post-war 
petroleum fuels situation were recently 
placed before the Diesel Engine and Fuels 
and Lubricants Meeting of the Society 
of Automotive Engineers by Dr. C. M. 
Larson, chief consulting engineer, Sin- 
clair Refining Company. He reported that 
high-octane aviation gasolines, expkxstvet, 
synthetic rubbers, plastics, anesthetics. 


and other essential war products now 
are being made in petroleum refineries 
at the expense of the kerosenes and dis- 
tillates from which Diesel fuels are de- 
rived. He expressed the opinion that 
Diesel fuels will be on the critical list 
by 1944 and said that even after the war 
the extremes between octanes for gasoline 
engines and cetanes for Diesel engines 
will broaden in favor of high octanes to 
the detriment of Diesel fuel ignition 
quality. 

Dr. Larson’s post-war picture indi- 
cated that premium grade gasolines will 
be 87- to 90-octane, regular grades 80- 
octane, and third grades 72- to 75-octane. 
Tractor or distillate fuels of 50-octane. 
40-cetane, will be available, but in many 
regions tractor distillate fuels will have 
to be used with 37-40 cetane, or cetane 
additive agents will be employed to main- 
tain the 50-cetane minimum called for 
by manufacturers of high-speed Diesel 
engines. 

He warned that the current demand 
for distillate fuels by the armed forces, 
particularly the Navy, will reduce the 
ix>tential of Diesel fuels and heating oils. 
He estimated the 1945 production ratio 
of gasoline to distillate fuel at seven to 
one as compared with three to one at the 
start of World War II. 

GLUE •‘WELDINO’* 

Spots aro Ootokly Sot 
By Radlo-Thormlot 

Ingenious as modern lumber cutting 
methods are, no one has yet devised a 
way to square off a round log without 
getting a lot of miscellaneous narrow 
waste stock in the cut. At the present 
time particularly, when great quantities 
of logs are being cut for structural fram- 
ing to replace steel, and increasingly 
smaller logs are being cut for ordinary 
lumber purposes, there is a tremendous 
amount of narrow stock piling up in lum- 
ber yards, and the need for an outlet for 
this material is rapidly becoming acute. 

Even before the present emergency, 
however, this surplus of narrow boards 
was a special headache to both lumber 
manufacturers and timber conservation- 
ists. Extensive research has been carried 
on over a i)eriod of many years in ef- 
forts to find commercial uses for this 
narrow material. 

The most successful development so 
far — that of gluing narrow lumber to- 
gether to make wider usable stocks — has 
l)cen for the most part a slow and un- 
economic procedure complicated by hand 
methods or by expensive and involved 
machinery. 

Now, however, industrial glue research 
offers a solution that may prove revo- 
lutionary. A new gluing process has been 
developed by I. F. Laucks, Inc., manu- 
facturing chemists, by which boards arc 
joined together edge to edge by means 
of “spot welding” or the setting of the 
glue only in spots along the joint This 
method employs momentary pressure and 
eliminates clamping and also does away 
with the expensive necessity of heating 
the whole glue line in order to set it 
The welded “spots,” which arc spaced 
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about 18 inclich apart, hold the boards 
rigidly together until the glue lines in 
between are also set. This general setting 
of the glue takes place after the boards 
are stacked, thereby cutting down the 
time the boards must be in the gluing 
machine. 

The present apparatus uses high-fre- 
quency radio waves to set the spots. How- 
ever, the efficiency of the process is not 
impaired by the use of other heat sources. 
The glue used is of a special cold-setting 
type and is particularly amenable to 
quick setting when heat application by 
means of the high-frequency method is 
employed. 

Due to the urgent demand for radio and 
electro- thermal equipment, the availability 
of this high-frequency equipment is lim- 
ited by approval of the priority division 
of the WPB, dependent upon its use. 

SANDLESS QLASS 

Ntw Optieai Glass Omits tbs 

Familiar Siliaa 

RADICALLY iiew type of optical glass 
whose unique light-bending propertie 
will make superior lenses for seeing, tak- 
ing pictures, and studying microbes, has 
been developed after ten years of research, 
according to Dr. E. D. Tillyer, research 
director of the American Optical Com- 
pany. 

The new glass is further revolutionary 
because it contains no sand as an ingred- 



Tillyer (right) ond Moulton — gloss 


ient. Omission of the sand is primarily re- 
sponsible for the exceptional optical 
properties. 

By varying the composition, two 
glasses of the same type but having dif- 
ferent properties have been discovered. 
Laboratory developments, they will not 
be available for some time to come. 

Dr. Tillyer revealed that one of the 
new sandless glasses is made of several 
common, available chemicals — the first 
time this has been done successfully. 
These chemicals are boric acid, zinc oxide, 
and aluminum hydroxide or beryllium 
oxide. 

The second sandless glass is made by 
$td)stituting cadmium oxide for the zinc 
oxide. Dr. Tillyer disclosed that never 
before has the chemical elemept cadmium 


Ix'cn used as a major ingredient in glass. 

In comparison with previous glasses 
containing sand, the new ones have a 
much higher index of refraction, or light- 
bending power, and a lower dispersion, or 
separation of light into its diflFerent col- 
ored rays due to their different refractive 
capabilities. 

Because of their composition, the new 
glasses compress the spectrum. As a re- 
sult, there is relatively little difference in 
the light-bending power for light of dif- 
ferent colors, and color effects, often no- 
ticeable in previous glasses containing 
saml and lead, arc eliminated. 

Other properties of the new glasses in- 
clude low melting point, freedom from 
color, and stability to weathering and cor- 
rosion. The new compositions produce 
beautiful sparkling glasses which are re- 
sistant to chemical attack and almost good 
enough to be cut into gems. 

A basic study in glass technology, the 
new stabilized glass containing the zinc 
oxide was developed by Dr. Tillyer, H. R. 
Moulton, and T. M. Gunn, and the one 
with the cadtiim oxide was invented by 
Mr. Moulton. These glasses will be used 
in lenses for spectacle.s, comeras, and sci- 
entific instruments. 

BALL POWDER 
Smokgitst Proptllant Now 
Made Under Water 

^Vxis soldiers won’t ask for a second 
helping of the “black caviai ” now in quan- 
tity production at a famous ammunition 
plant in Illinois. The “caviar” is ball 
powder, a smokeless gunpowder in the 
shape of minute spherical pellets made by 
a new process five times faster than those 
formerly used, according to an announce- 
ment by John M. Olin of the Western 
Cartridge Company. 

Ball powder, Mr Olin points out, is 
manufactured chemically under water by 
a iiatenteci technique which reduces to a 
minimum the liazard in the making of 
.smokeless powder Although experimental 
lots of ball powder were manufactured 
by the Western Cartridge Company sev- 
eral years ago, its existence has been 
one of the ammunition industry’s most 
closely guarded trade secrets. Unknown to 
tliem, many American peacetime shooters 
have been using ball powder in Western 
sliot sliclls and other ammunition for some 
tunc past. 

When America began its rearmament 
program, Western Cartridge immediately 
offered its ball powder patents to the War 
Department, which authorized the Com- 
pany to use the new process in all ammuni- 
tion for which it is suitable. Since then, 
ammunition loaded with ball powder has 
been widely used by the Allied tr(K)ps. 

Where the manufacture of ordinary 
smokeless powder requires fifteen days, 
ball powder is being produced in quan- 
tity in only three days. Where other 
powder is handled dry in large quantities, 
ball powder is manufactured in ten times 
its bulk in water, and when it is finished, 
is handled dry in small quantities only a 
fraction of the usual time. 

The base of smokeless powder is nitro- 
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cellulose, which is made by soaking cotton 
or wood fibers in nitric and sulfuric adds. 
Until the invention of ball powder, smoke- 
less powder was handled dry during many 
of its manufacturing processes, and was 
reduced to pellets mechanically, by forc- 
ing the nitrocellulose “dough” through a 
“macaroni” machine and chopping the 
strands into grains of the desired sizes. 

In the manufacture of ball powder, 
nitrocellulose is produced in the conven- 
tional way. While immersed^ in ten times 
its bulk in water, the nitrocellulose is re- 



Cooting boll powder for eosy flow 


duced to a pure liquid form by various 
chemicals, including ethyl acetate, a sub- 
stance used in women’s nail polish. 

By stirring the mixture, the nitrocellu- 
lose lacquer acts in water very much as 
olive oil does in vinegar, and forms into 
globules — the tiny ball powder pellets 
Other chemicals are added to the mixture 
to prevent the balls from reuniting with 
each other when the stirring is stopped. 
By controlling the speed of stirring, the 
powder balls can be made in a great va- 
1 icty of sizes suitable for a wide range of 
ammunition sizes. 

“ROBOT” CONTROL 
Opens end Closet Valves 
Quickly, Automatically 

“robot” which opens and closes doz- 
ens of valves with split-second timing now 
controls processing in many of the na- 
tion’s plants producing aviation gasoline, 
butadiene for synthetic rubber, and tolu- 
ene for explosives, according to B. M. 
Mills, of the petroleum and chemical sec- 
tion of General Electric’s industrial engi- 
neering department 

In such plants steam, air, and hot gases 
flow intermittently through a complex 
system of piping and tanks. These gases 
must follow each other at predetermined 
intervals, and any error in timing or route 
of flow would slow up production not only 
through loss of materials but through pos- 
.cible damage to equipment. 

The “robot” control performs the same 
functions in some parts of gasoline, buta- 
diene. and toluene plants as dispatchers 
and switchmen do in a railroad system. 
In many of these plants, even if the re- 
quired numbers of skilled operators were 
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Testing the operator's section of o typicol industriol "robot'' control 


available, it would be humanly impossible 
for them to open and close the numerous 
valves with the precise timin^r provided 
by the "robot" control, consisting of au- 
tomatic cycle-timers and valve control. 

The "robot" controls the flow with ina- 
chine-likc precision, minimizing the pos- 
sibility of human error. If something goes 
wrong, such as a valve sticking open or 
shut, the control even voices a warning 
— it summons an operator by blowing a 
horn, or ringing a bell 

Before the war this type of equipment 
was developed principally to produce 
high-octane gasoline for planes and cars. 
Because the same methods may be used 
in producing butadiene and toluene, the 
robot is now widely used in these two 
types of plants as well. Plans for exten- 
sion to other types of plants requiring pre- 
cise timing or valve control are under way 

READERS desiring further informotion on 
new products, or research ond develop- 
ment work reported in these pages, will be 
referred to monufacturers or odditionol 
sources upon request. Address our Research 
Department, giving specific references, in- 
duing date of issue ond page number. — 
The Editor 

CHEMURQIG RUBBER 
Gin Be Used Along 
Or At Extondor 

NEW type chemurgic rubber, devel- 
oped from vegetable oils, is already being 
used by rubber-goods manufacturers for 
many essential applications. 

This rubberlike material, called Witco- 
gum, is comparable to rubber in many 
of its properties and requires neither criti- 
cal materials nor critical equipment for 
its manufacture. Standard rubber mills 
and mixers do its milling and mixing. 
Giiendering, extrusion, "^nd vulcanizing 
are similar to that of rubber. 

Witcogum contains an accelerator of 


the guanidine type and sufficient sulfur 
to give a cure in 30 minutes at 40 pounds 
steam pressure (287 degrees, Fahrenheit). 
Furthermore, all the necessary vulcaniz- 
ing ingredients are aheady in the 
chemurgic rubber. 

Used independently or as an extender 
blended with natural rubber, reclaim, or 
synthetic rubber, the proper compounding 
of Witcogum with such pigments as car- 
Ixin black or clay or a combination of 
both will result in higher tensile strength 
Tests have proved that tensile as high as 
450 pounds per square inch, elongation 
as high as 150 percent, and tear of 45-50 
pounds per inch can be obtained. 

Water, alcohol, and lubricating oils 
have no apparent effect on this newest 
synthetic rubber, nor do antioxidants upon 
accelerated aging tests Generally speak- 
ing, its reactions to solvents and chemi- 
cals are similar to that of rubber. 

Manufacturers have found many uses 
for Witcogum, thus alleviating the pres- 
sure on the small reserve of natural, 
reclaimed, and synthetic rubber. It is 
going into hose and tubing, wire insu- 


lation and gaskets, shims, brake linings 
and foot comfort pads, hospital sheeting, 
jar rings, and extruded channels, to men- 
tion only a few of its applications. 

BOMB GASINQS 
Midi Fistir With 
Induction Heating 

Combination of an automatically con- 
trolled spinner and induction heating now 
is enabling the Wheeling Steel Corpora- 
tion to shape large one-piece 250 and 500 
pound high-explosive bomb casings in 
just two operations. This is in contrast 
to other methods which require upwards 
of ten steps with reheats before the final 
shape of the bomb is achieved. 

In a battery of 200 kilowatt, 3000 cycle 
induction machines equipped with in- 
ductors designed for this vital ordnance 
work by The Ohio Crankshaft Com- 
pany, the casings that have been cut from 
heavy steel pipe are heated first for the 
shaping of the nose and then for the 
tail. Spinning follows each heating 
P^lapsed time for these two operations on 
the 500 pound bomb does not exceed 
14 minutes, while the smaller bomb is 
finished considerably faster. 

Automatic control of the spinning has 
proved highly successful in speeding the 
shaping process, and induction heat has 
been a large factor in achieving this re- 
sult. Because the Tocco machines could 
be placed close to the spinners it was 
possible to establish production-line pro- 
cedure. C'asings are manually withdrawn 
from the large multiturn inductor coils 
onto a roller conveyor which slides the 
heated*' pipe to the spinner. 

After nosing, the casing is lifted to a 
gravity conveyor, down which it passes to 
the next unit for tailing operations Kn 
route the pipe goes through a cooling 
compartment. Then the tail is heate(l 
and spun into a truncated cone with open 
end — and a new bomb case is ready for 
the next operation. Because high heat 
is confined to the sjiecified area on the 
pipe, casings can be handled by operators 
from inductor to spinner without tongs. 
Inductor coils are water cooled and have 
a diameter sufficient to give J^-inch clear- 
ance between metal and coil. 



Bomb casings being induction booted prior to toil spinning 
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LET THE LABORATORY DECIDE 

In all fields of industrial endeavor there are today, more 
than ever before, demands for new ideas, new ways of doing 
things, new materials for new and old uses. All too often, how- 
ever, these ideas die aborning, killed by the very thing that 
should warrant investigation — their apparent “wildness.” No 
manufacturer can afford to throw overboard any idea that per- 
tains directly to his business without a thorough investigation 
Only after an idea has been subjected to the acid test of labora- 
tory or other expert examination can it be branded as good or 
bad. And even experts must occasionally be cautioned not to 
jump at conclusions. 

Often the trend of an industry will be directly influenced by 
an idea that, on the surface, appears to be too hare-brained to 
merit consideration. Laboratory investigation, in such cases, 
will save the day, bringing out unforeseen facts and eliminat- 
ing the “bugs” that stand in the way of success. Thus, industries 
that depend on new ideas for successful operation in war or 
])eacc — and what industry does not fall in this category? — 
will do well to let the laboratory have the final word, rather 
than to depend on intuition or some other unreliable “sixth 
sense” for final decision on new ideas. 


PLYWOOD PLUS 

METAL-LINED plywood box for smokeless powder that is air- 
tight and water proof, strong yet light and inexpensive, points 
the way to a new chapter in the intriguing story of plywood de- 
velopments. Outstanding factor that made possible this box is 
a synthetic glue for bonding metal and plywood into a unit 
that resists action of water and temperature changes. From 
this development may well come such things as kitchen sinks and 
bath-tubs, industrial containers of many kinds, vats and tanks, 
made of a plywood base to which is cemented, in a never-to-be- 
parted bond, a lining of thin, light sheet metal of a type adapted 
to the use desired. 


vibrate than do smoothly rotating parts. Thus it is not unlikely 
that the turbine, now available in refined form and being even 
more perfected by the requirements of certain war-time devel- 
opments, will find its place in the transportation scheme of the 
future. 

The turbine — an excellent example is found in the turbine- 
driven supercharger used on airplanes — derives its power from 
the continuous expansion of gas which is utilized to produce 
rotary motion directly. Turbine locomotives have been built 
experimentally in the past; another type is approaching the 
manufacturing stage now and may point the way toward new 
power for railroads Not unlikely, also, is development of the 
turbine for powering aircraft and surface vehicles, as well as a 
great expansion of turbine use on the oceans of the world. 


TOOLS THAT MAKE TOOLS 

Early in World War II the cry was for machine tools — more 
and more of them. So well was this demand met that, it is re- 
riorted, machine-tool builders have anticipated at least ten 
years of their post-war markets. By doing so, however, they 
have learned many things about toed design and manufacture: 
So much, in fact, that the machine tools of tomorrow will be 
far more productive than the Ux^ls of yesterday and today. 
Through such improvements the machine-tool manufacturers 
will make possible better consumer goods, while at the same 
time recapturing markets that they have worked themselves 
out of by reason of manirfacturing speed-up. 


X-RAYS FOR INSPECTION 

Standard method of inspecting many products has been, for 
years, the process of testing to destruction. Slow, laborious, 
costly, this method is, at best, not too reliable. The X-ray, how- 
ever, offers a means of inspecting products ranging from rubber 
heels and smaller to motor-block castings and larger, and doing 
its job without in the least influencing or affecting the part 
being inspected. Not only that, but the X-ray, as now developed, 
can be placed right in a production line and used with a rapid- 
ity which equals that of the line itself. 

Bulk of equipment was long a deterrent to the use of the X- 
ray in industry. Now, however, due largely to new means of in- 
sulating the power supply and to refinements in the design of 
the X-ray tubes themselves, the si/e of the necessary machinery 
has been reduced to a small fraction of the former requirement.s 
.Such X-iay generators are doing excellent work on war pro- 
dm tion lines. They will do even more for all industry when 
icstrictions are lifte<l and they can be made in quantities. 


MANAGEMENT'S RESPONSIBILITY 

Encouragement of better co-operation between employer and 
employee is a trend of the present, despite strikes and labor 
troubles that dot the daily papers. Through such co-operation 
management learns much, can profit if it will only take heed 
of the obvious. 

When one large organization, as part of its co-operative 
operations, recently polled its employees in an effort to get a 
better understanding of what the employees were thinking about, 
they found, significantly, that the question uppermost in the 
employees' minds was : “Will 1 have a job when the war is 
over ?” 

Here is provided a basis on which to build better employee 
morale, to solidify worker-management good-will. Other com- 
panies would find equally interesting facts upon investigation, 
facts that could be readily applied to influence trends. 


TURBINES FOR TRANSPORTATION 

Dream of engineers fur many a decade has been the elimina- 
tion of reciprocating parts in prime movers. In locomotives and 
gasoline propelled vehicles, for example, these parts transmit 
power from the source to tlie wheels, but, because they recipro- 
cate, they wear more rapidly and have a greater tendency to 


LIGNIN LOOKS LIKELY 

Lk.mn, that part of wood which is left after the cellulose 
has been extracted, is a chemically stubborn stuff that is rather 
difficult to deal with Despite this somewhat discouraging defi- 
nition, however, lignin holds promise of a bright future that 
may be second only to that other glamorous child of the ciiem- 
ist— dirty, smelly coal tar. 

Combined with certain organic acids, lignin is now becoming 
the base of a number of comiiounds having a wide range of 
properties. Some of these compounds are hard solids, others are 
firm waxes, and they have an equally varying range of solubili- 
ties and melting points. Already these lignin compounds arc 
being tested by the plastic industry, by paint manufacturers, and 
for possible use in the making of inks. 

One good thing about lignin is its, at present, almost unlimited 
supply. Here is real meat for the chemical industry to sink its 
teeth into. 

—1^. A P^cA, 

\ References lo sourtcs from which additional information may 
be gleaned on any of the subjects reported or Predicted on thu^ 
page mil be gladly furnished on request to the author, addressed 
tn care of Scientific American.] 


AUGUST 1943 • SCIENTIFIC AMERICAN 


61 




ASTRONOMY 


Galactic Gas Clouds 


A Complex System of Enormous Rarefied Clouds of 
Gas Moving at High Velocity Has Been Discovered 


HENRY NORRIS RUSSELL, Ph.D. 

HtcNl of the DofMirfmeiit of Atfrenoiiiv end DIrtctor of the Ob«orvo« 
lory at PriiKeten Univerefty. Retearth Aeeociate of the Mount 
Wilton Ohtervatory of the Cornoflo IntfitutUm of Wothingten 


I T HAS been known for a good while 
that there are a few lines in the spectra 
of the stars which are not produced, 
like the rest, by absorption in the atmos- 
pheres of the stars themselves, but arise 
from absorption of light by the atoms 
of an exceedingly tenuous gas which 
occupies interstellar space. These lines 
can usually be distinguished at a glance 
by their extreme sharpness and narrow- 
ness. In the relatively dense atmosphere 
of a star, even though it may be only 
a ten-thousandth part as dense as ordi- 
nary air. there are various physical causes 
at work which tend to widen the spectral 
lines. But in interstellar space, the atoms 
and molecules are so far apart that they 
are substantially undisturbed, and the 
inherent sharpness of these lines is more 
nearly (though not completely) ex- 
hibited. 

Though this peculiarity helps to iden- 
tify these lines, it makes it hard to ob- 
serve them. Every spectroscope (like any 
other optical instrument) has a limited 
resolving power. The very properties of 
light waves compel the image of a sharp 
line to be a streak of perceptible width, 
fading off gradually at the edges, so that 
a close pair of lines can be resolved only 
with a powerful instrument. One might 
suppose, however, that this limitation 
would not hinder the observation of an 
isolated line. This is very nearly true for 
a bright line on a dark background. No 
light is lost (and of course none gained) 
by widening it into a streak; and, if the 
background Is practically black, it can 
be seen or photographed about as well 
as ever. 

But a narrow dark line on a bright 
background is quite another affair. Not 
only is it smeared out into a streak, but 
the light from each side of it is — so to 
speak — smeared into this streak, so that 
it loses contrast With a narrow enough 
line, or a wide enough smearing, the 
remaining contrast is imperceptible, and 
nothing can be detectfid. 

The stronger interstellar lines are ob- 
servable with spectrographs of moderate 
power; but the faintest, such as those 
of iron, recently discovered, can be 
brought out only with the highest avail- 
able resolving power. They can be ob- 
served, too, only in very distant stars 
whose light has had to traverse the inter- 
stellar gas for a thousand light-years 
or more. For obvious reasons, such stars 
do not to6k very bright Hence, to get 


good photographs even with long ex- 
posures, the great spectroscope must be 
fed by a correspondingly great telescope. 

Much the most powerful combination in 
existence is composed of the 100-inch 
telescope at Mount Wilson, well known 
to everyone, and an equally notable spec- 
trograph which is not so familiar to the 
general reader. In this instrument the 
spectrum is produced by a diffraction 
grating, and focused by a concave mirror 
114 inches (almost ten feet) in focal 
length. This mirror performs a double 
duty. It converts the divergent beam of 
light from the slit into a parallel beam 
falling on the grating (which works prop- 
erly only for parallel light). The grat- 
ing sends back parallel beams of light 
of different wavelengths in different di- 
rections. These fall on the same mir- 
ror, and are brought by it each to its 
own sharp focus on the plate. The prin- 
ciple of operation is very similar to that 
of the Schmidt camera; but the beam of 
light of any particular color is so narrow 
that the mirror alone gives a practically 
perfect focus, and no correcting plate i.s 
needed. The spectrograph, like the tele- 
scope, operates wholly by reflection. It 
is perfectly achromatic, so that the whole 
spectrum (from the infra-red to the ultra- 
violet) is in focus at once. Moreover, 
the light of the star reaches the plate 
without having to pass through any glass 
at all ; hence the ultra-violet light is not 
weakened. 

With this equipment. Dr. Adams has 
obtained hundreds of spectra of various 
stars, showing interstellar lines. The 
results, which he reported at the Astro- 
physical Congress in Mexico last year 
and has now published, are remarkable. 

Dr. C. S. Beals, of the Dominion 
Astrophysical Observatory at Victoria, 
discovered seven years ago that, in a 
few stars, the interstellar H and K lines 
of calcium were close doubles. To follow 
up this discovery demanded greater re- 
solving power than was then available. 
With the equipment just described Adams 
has found that in about 80 percent of the 
stars which he has observed these lines 
arc complex — double or triple, and occa- 
sionally quadruple. 

Typical examples are shown in the il- 
lustration (from Adams* paper). The K 
line is shown on the left, and the H line 
on the right, exhibiting practically iden- 
tical patterns, which prove the reality of 
the phenomena. The uppermost star shows 


a fairly wide pair; tbe next a 


wsCh 


r fW lomh;4 athmg Hue and 

two faint companions ; the flfth shows four 
components on the original plates, the 
strongest of which run together in the 
cut. The wide fuzzy lines are produced 
in the stars* atmospheres. 

There is only one explanation known 
to physics for such shifts of these sharp 
lines — namely, motion of the absorbing 
atoms in the line of sight. Between us and 
one of these stars there must be, not a 
continuous thin stratum of gas, but two, 
three, or four separate clouds of gas at 
different distances, each changing its dis- 
tance from us at a different rate, and 
doubtless moving at a different speed and 
in a different direction in space. The 
sharpness of the lines suggests that most 
of the calcium atoms between us and the 
stars belong to these separate clouds, witli 
relatively few in the empty spaces be- 
tween. 

The velocities of the clouds are some- 
times surprisingly high. The two faint 
components in the lowest spectrum have 
shifts corresponding to velocities of 41 
and 60 kilometers per second — relative 
to the general average of the stars near 
the Sun, after allowance for the solar 
motion. (This is a sixth magnitude star 
in Cygnus, No. 199478 in the Henry Dra- 
per Catalogue.) 

One might expect that stars near to- 
gether in the sky would be behind the 
same clouds, and show the same line pat- 
tern, and this often happens ; for example, 
the stars u and 15 Sagittarii, which are 
less than half a degree apart, both reveal 
three clouds, with volocities of 4, 22, and 
40 kilometers per second ( 4 Sag is shown 
in the next line to the bottom in the il- 
lustration.) Many other examples of 
clouds with smaller velocities are evi- 
dent in Adams* list. 

Tn certain regions of the sky, such as 
Perseus and .Scorpius, the lines are us- 
ually single, indicating the presence of 
l)ut one cloud, while in Orion, Sagit- 
tarius. and Cygnus they arc usually 
complex. 

Fainter interstellar lines of other origin 
have been observed in many of these 
stars. By measuring their exact positions, 
and deriving the radial velocities, Adams 
finds that the atoms or molecules which 
produce these are usually moving with 
the cloud which produces the strongest 
calcium lines. In one star, X Aurigae 
(third from the top in the illustration) 
which shows two calcium lines of nearly 
equal strength, neutral calcium, cyanogen, 
and neutral CH appear to belong to one 
cloud, and ionized CH to be present in 
both. This, by itself, is hardly evidence 
enough for differences of composition be- 
tween different clouds; but Adams has 
obtained additional evidence that cannot 
be doubted. For example, the hydro- 
carbon lines are strong in some stars in 
which those of calcium arc relatively 
weak, and absent in others where the 
latter arc very strong. 

The most recent observations with the 
great spectrograph include eight stars of 
the Pleiades. The distance of tliis com- 
pact cluster is known to be not far from 
500 light-/ears. This is small from the 
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present standpoint, and the interstellar 
lines arc faint; but the powerful instru* 
ment has revealed them in eight of the 
nine brightest stars of the group. The 
stellar lines in these spectra are very 
wide; the interstellar lines, in Adams* 
phrase, **are somewhat broad and may be 
complex,** though separate components 
cannot be seen. The velocity of the inter- 
stellar cloud (or the average, if it is 
really complex) is 16 km/sec, receding, 
and nearly the same in all cases. This 
differs by 10 km/sec from that of the 
stars in the cluster, proving that the 
cloud has no connection with them. 

So far, it looks as if we had to deal 
with a single cloud; but, if so, its com- 
position is not uniform. Lines of the 
ionized calcium atom and the ionized hy- 
drocarbon molecule (CH-h) have been 
observed; but three of the stars show 
only calcium, two hydrocarbon, and three 
both together. As all the lines arc faint 
this should not be taken to mean that 
one component or the other is entirely 
absent from parts of the cloud. But the 
relative proportions must at least be de- 
cidedly different — and this within a re- 
gion of the sky only about two degree^ 
square! This cloud beyond doubt is very 
patchy. 

For one star in the Pleiades, Pleione, 
the interstellar lines cannot be observed 
for the reason that, a few years ago, its 
spectrum underwent a remarkable change. 
Previously, like the rest, it had shown 
broad hazy lines. While this spectrum 
persisted, an additional set of strong and 
much sharper lines, of hydrogen and 
ionized metals, appeared and still persists. 
The sharpness of these lines shows that 
they are produced in a region of much 
lower density than the original atmo- 
sphere; yet many lines, such as the hy- 
drogen scries, are present which we know 
would not be absorbed in a gas so ex- 
ceedingly rarefied as are the interstellar 
clouds. To make a long story short, it is 
generally believed, on good and detailed 
evidence, that these lines are absorbed in 
a gaseous envelope a few times larger in 
diameter than the star itself, which was, 
in some way not yet fully understood, 
expelled from it. In Merrill’s apt phrase, 
they are circumsteUar lines produced close 
around the star, but not at its surface. 
The calcium lines are present in this spec- 
trum and strong enough to swamp the 
interstellar lines completely. 

Adams* important observations show 
that the interstellar gas is a far more 
complicated affair than was at first sup- 
posed, and is a complex system of indi- 
vidual clouds, rather than a roughly 
homogeneous medium. This ought to sur- 
prise no one, for the interstellar obscur- 
ing clouds (probably composed of fine 
dust) which stand out as dark markings 
in front of the Milky Way arc exceed- 
inidy irregular both in outline and density. 

In principle, one might hope that by 
spectral observations, upon enough stars, 
well scattered over the sky, the forms 
and limits of these gaseous clouds, as well 
as their motion, might be mapped But in 
practice this would be exc^ingly dif- 
ficult. Only stars visible to the naked eye 
arc bright enough to be observed for this 
purpose, even with the 100-inch telescope, 
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and only the hotter stars, whose spectra 
are free from strong lines at the critical 
positions, furnish suitable backgrounds for 
observing the interstellar lines. The whole 
number of stars in the sky which satisfy 
both conditions is small, and they arc 
too sparsely scattered in the heavens to 
permit a detailed mapping of the clouds. 
It is not yet certain what connection, if 
any, there is between the dust-clouds and 
gas-clouds; this is a problem for the 
future. 

One cannot quite resist the temptation 
to speculate a little about these gas-clouds 
in space. They must be of enormous size 
— dozens of light-years in thickness — and 
are certainly of exceedingly low density. 

How they got there is useless to ask, 
w'hen we arc still in perfect ignorance 
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how anything else “got there”— for ex- 
ample, why the Galaxy and the spiral 
nebulae are in rotation. But there is 
some sense in inquiring: How can they 
continue to be there? — that is, as the 
fairly definite clouds of gas which they 
appear to be? 

The diameters of such clouds must 
be relatively large in comparison to the 
distances between them — probably sev- 
eral ^rcent of the latter. It follows 
that, in random motions through space, 
two clouds will sometimes collide. Since 
each of these contains enormously few- 
er molecules per cubic inch than the 
best vacuum which can be produced in 
the laboratory, this seems like talking 
about a collision between one vacuum 
and another. 

QUT the word is significant, just the 
D same We may regard each cloud as 
a swarm of widely scattered molecules, 
pursuing practically parallel courses at 
substantially the same speed. When the 
outer Ixiundaries of the clouds intersect, 
the molecule.s of each will proceed into the 
empty spaces between those of the other. 
So long as no collision between those 
of the two clouds take place, each will 
pass freely through the other. But each 
collision will send the molecules involved 
bouncing off in quite different directions, 
so that they are lost to the clouds. The 
fate of the clouds depends, then, upon the 
mean free path which a molecule is likely 
to travel before it collides. If this is large, 
compared with the sizes of the clouds, 
the two will pass through one another 
almost unaffected, and come out on the 
other side, leaving a small proportion of 
stray molecules behind dispersed by col- 
lisions But if the size of the cloud is 
large, compared with the mean free path, 
practically all the molecules will be di- 
verted; they will make further collisions 
with one another and the two clouds will 
be merged into one, with molecules flying 
so fast in all directions that they will dis- 
sipate into space and form part of the 
general interstellar gas. 

The relative number of atoms of 
neutral and ionized calcium in some of 
these clouds can be found from the in- 
tensities of their lines, and hence the 
number of electrons. It appears from this 
that, in interstellar space, there is some- 
thing like one molecule per cubic centi- 
meter. The theory of gases shows that 
for this density the mean free path of a 
molecule should be about 100 times the 
Earth’s distance from the Sun. 

This is only 1/600 light-year. For a 
density 1000 times less, the free path 
would be 1000 times greater, but even 
this very low density would not permit 
two clouds to pass through one another; 
they would be inextricably mingled. 

The question how so many separate 
clouds of gas can have continued to wan- 
der about within the Galaxy without 
l)ecoming dissipated is, therefore, no easy 
one. The discovery of the clouds is so 
recent that there has not been time for 
mathematicians to attack the problem- 
much less to publish their results. In due 
time much more will doubtless be known 
about this fascinating question.— Afant/PM 
Springs, Colorado, May 19, 194,^. 
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Science Enters The Woods ' 

Research Shows that Good Forestry Practice 
Can Provide a Permanent Pulp and Paper Supply 


C. E. RANDALL 

United States Department of 
Aprkvitvre, Forest Service 

W E aren’t shooting any paper bul- 
lets at the enemy these days : We 
want the bullets we mark for Hitler’s and 
Hirohito’s minions made of sterner stuff. 
Nevertheless, we’d be hard put to fight 
this war without pulp and paper. A 
lot of paper work is back of every mili- 
tary action and every war production 
job. It takes many reams of paper for 
the necessary blue-prints or maps, specifi- 
cations, and orders. From the .same source 
— pulp — comes cellulose for textiles, pho- 
tographic film, medical supplies, plastics, 
and filters for gas masks. More than two 
million cords of pulpwood will be needed 
this year for shipping containers to get 
supplies to our fighting men overseas. 
Then, too, the dissemination of war 
news and other imiKirtant and vital in- 
formation in newspapers and magazines 
can continue only so long as a supply of 
paper keeps coming along. 

It is estimated that no Ics.s than 14 mil- 
lion cords of rough wood will satisfy 
1943 pulp and paper requirements. And 
that is only a part of the wartime demand 
on the forests. Wood is a critical war 
material ; wood is wanted for ships, 
planes, gunstocks, docks, cantonments, 
factories, railroad ties and telephone 
poles, ammunition boxes, and hundreds 
of other war needs. 

In the past, it was considered practi- 
cally axiomatic that the woodyard of the 
United States was limitless. On that pre- 
sumption, axes and saws ravaged forests 
from one end of the country to the other 
Today, large areas of former forest land 
are no longer productive. It doesn’t take 
an expert to figure out that if you con- 
tinue to cut off timber without adequate 
provision for new growth, some day the 
wood supply will run short. 

Scientific woods management, say for- 
esters, is the Aladdin’s lamp which will 
lead to continuous supplies of pulp and 
paper. Unlike minerals, timber is a re- 
newable resource, and forest lands can be 
managed to insure continuous crops. 

Spruce, which is peculiarly suited for 
newsprint papers, has long l)een the domi- 
nant pulp timber species. Relatively pure 
stands of spruce in the Northeast, near 
large markets and cheap water power, 
influenced early establishment of mills 
there. However, as a result of technical 
developments, many other species arc now 
going into pulp aiKl jiaper. Jack pine, hem- 
lock, aspen, and other species feed numer- 
ous mills in the Lake States. The ability 


to use western hemlock opened the way 
to extensive development of the pulp and 
paper industry on the Pacific Coast. In 
recent years new plants of huge capacity 
have sprung up in the pine regions of 
the South. However, neither cheap power, 
nearness to markets, nor the industrial 
genius and push of men behind the in- 
dustry will be able to maintain it in- 
definitely unless attention is given the 
growing of raw material. 

How to perpetuate the valuable pulp- 
wood species and increase the timber 
growth on pulpwood lands are problems 
of vital concern. Research indicates that 
in most cases the productivity of pulp- 
wood lands can be increased consider- 
ably. Any effort in this direction neces- 
sitates intelligent forest management 
based on scientific forestry. 

The ^techniques vary greatly with dif- 
ferent regions and timber types. In the 
Northeast, extensive pulpwVxKl operations 
have frequently led to over-cutting of 
softwoods, resulting in a deterioration of 
the spruce-fir types, often with low-value 
hardwoods coming in to dominate the 
stands. The major problem usually cen- 
ters around development of practical cut- 
ting methods that will 
guarantee continuance of 
advance reproduction, and 
cultural measures designed 
to protect and <lcvcIop 
existing stands of repro- 
duction to full timber crops 
at maturity. 

Prior to actual cutting, 
it is important that the 
pulpwood producer classify 
his lands on the basis of 
kind, size, and density of 
the advance reproduction, 
bearing in mind that niucli 
effort may be wasted in at- 
tempting to maintain soft- 
wo(xls on sites distinctly 
favorable for the produc- 
tion of hardwoods. With 
stands properly classified, 
the progressive order in 
which areas are to be cut, 
based on their maturity 
and reproduction condi- 
tions, can be determined 
and adhered to insofar as 
market and logging con- 
ditions permit. 

Because attaining an ad- 
vance reproduction of 
young growth above two 
feet in height is a highly 
important factor in suc- 
cessful spruce management, 
logging may be so organ- 


ized that cutting on any specific area can 
be regulated to permit seedlings to attain 
this height before the protective cover 
provided ty the main stand of mature 
trees is removed. 

Dependence on advance reproduction 
necessitates extra care in logging to re- 
duce damage to a minimum. Large num- 
bers of thrifty young spruce and fir may 
be destroyed needlessly on every acre 
by careless timber fellers. Studies indi- 
cate that this damage often ranges from 
20 to 40 percent. This destruction, par- 
ticularly marked in the two- to five-foot 
height classes of spruce and fir, is un- 
fortunate since it is this height class that 
responds more vigorously when it is “re- 
leased” by removal of the older timber 
and possesses the best prospects of win- 
ning out against the fast-growing hard- 
w'oods and attaining a permanent position 
in the new stand. 

W HEN adequate reproduction is lacking, 
foi esters recommend removal of one 
third to one half of the stand so as to open 
it uniformly and permit the establishment 
of additional reproduction under shelter 
of the remaining trees. Ten to fifteen years 
later, if conditions arc normal, sufficient 
reproduction will have come in, and the 
remainder of the old stand may be logged 
Southern yellow pines have come into 
rapidly increasing use since the introduc- 
tion of the sulfate pulp industry in 1908. 
The sulfate or kraft process is particular- 
ly adajited to the pulping of resinous or 
pitchy woods. 

Farmers ]>rodiice quite a hit of the 
pulpwood consumed by pulp mills in the 
United States — in the South, the figure is 
as high as 5.S percent Clear-cutting to 
supply the limber and pulpwood markets. 



Although 16 cords por ocre were removed from 
this southern pine forest, 57 percent of the volume 
of wood wos left stonding under scientific cutting 
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by paying the almost un- milling. Restricting cutting to trees of 

wHevably low price of mature puipwood size steps up production 

three dollars an acre, and from 20 to 30 percent per man day. To 

the contracts gave him the tie up men and machinery cutting and 

right to remove the timber processing immature timber jis^ an in- 

^ years, excusable waste of manpower, equipment, 

Much of the land had and resources in these emergency days, 

s^nds ranging from 10 to New develupments in pulp and 'paper 
*.0 cords or more to the are being introcluced all the time. Cello- 

acre, growing at the rate phanc is an example of a pulp product 

of about half a cord or so whose widespread use expanded almost 

to the acre every year. The overnight. Wood plastics arc growing in 

farmers got a stumpage importance. A new laminated paper pla.s- 

price of only 10 to 30 cents tic developed by the United States Forest 

a cord, and in addition Products Laboratory shows promise for 

they continued to pay taxes use in aircraft construction and for many 

on the land. peace-time purposes. 


particularly on farm woodlands, 
and recurring fires have, how- 
ever, made serious inroads on the 
productive capacity of forest lands 
in many areas in the Soutli 
Fortunately, old Mother Na- 
ture is a persistent forester. In 
the South, if fire is kept out. 
Nature will m time usually pro- 
vide a new stand of trees. Na- 
ture works a lot faster, how- 
ever, if man co-operates, and 
foresters are tlierefore con- 
tinually working to bring science 
to the ‘^piney woods.** Under 
most conditions, selective cut- 
ting is the recommended prac- 
tice in the South The larger 
trees may be removed from a 
thrifty stand, and another cut 
will be ready before many 
years. Selective cutting thus 
maintains a continuous growing 
stock, and it provides frequent 



Upper left: Piling spruce pulp- 
wood. Supervised cutting here os- 
sures sustoined yield. Center: 
Spruce puipwood, cut into 50- 
inch sticks, in the harbor ot 
Grand Marais, Minnesota. Below’ 
A paper company's pulp yard 
containing 250,000 cords of wood 


cuttings and larger returns 

over a term of yeais than clear cutting Ptdp mills in the South 
which removes all salable timber. have recognized the dangei 

In harvesting timber crops, puipwood to their industry and tlic 

may be taken out along with poles and welfare of the community 

sawlogs, yielding several timber products from the common practice 

in one uperation In yuung stands, thin- of overcutting woodlands, 

nmg and improvement cuttings may he and accordingly are taking 

used to improve growing conditions and steps to encourage adher- 

at the same time yield substantial quan- cnee to certain forestry 

titics of .puipwood. The important thing standards in cutting timber 

IS that enough trees be left to maintain for puipwood. 

a satisfactory rate of growth to the acre. Scientific forestry, how- 
The advent of Jiew pulp and paper mills ever, is still the exception 
in the South increased the danger of too rather than the rule on 

heavy cutting in many woodlands. In the privately owned lands, not 

vicinity of some of the older mills the only in the South, but in 

farm woods have been virtually wiped out all forest regions. And 

because of unrestricted cutting in the from privately owned lands 
wake of timber contractors* activitie.s. come 90 to 95 percent of 
The region surrounding Monroe, Louisi- the nation’s total wood supplies Foresters maintain that if scientific 

ana, and parts of southern Alabama and Technical foresters don’t yet know all woods management practices are uni- 
western Florida bear notable witness to the answers. Further research will be versally applied, the forests of America 



such devastation. 

Often a woodland owner has not known 
a better way than the traditional one of 
clear cutting everything merchantable. 
The idea of regulating cutting for su.s- 
tained yield from woodlands, with re- 
.sultant continuous cash returns, is still 
foreign to many. 

A few years ago, for example, farmers 
in a certain Texas county sold their tim- 
ber rights to a professional buyer of wood 
for a Louisiana pulp mill 150 miles 
away. The buyer made a bargain to cut 
everything on the farmers’ woodlands 


necessary to determine the most success- 
ful and economical measures for produc- 
ing maximum timber crops on a sus- 
tained yield basis in various forest types 
and regions. However, it has progressed 
far enough to indicate the general re- 
quirements for keeping forest lands pro- 
ductive. 

It takes almost twice as long to cut and 
peel 100 cubic feet of puipwood from trees 
5 to 8 inches in diameter as it does from 
trees 11 to 17 inches in diameter. Cutting 
undersized trees similarly wa.stes ad- 
ditional time in loading, unloading, and 


can be made to supply all our wood re- 
quirements and more, in perpetuity. An 
expanding pulp and paper industry backed 
by a permanent supply of raw materials 
could benefit social and economic se- 
curity in the post-war years. It could 
provide substantial support for rural-in- 
dustrial communities in several sections 
of the country; it could help to stabilize 
agriculture by affording many farmers 
a year-’round income; and it could help 
supply the people of this country with an 
abundance of the material things that 
make for a high standard of living. 
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Elmer Sperry and His Magic Top 

How on Inspired Inventor with on Ancient Toy 
Altered the World of A^rine and Aerial Navigation 


FRANCIS SILL WICKWARE 


O N A SUMMER day in Cleveland, 39 
years ago, a slight, blue-eyed man 
named Elmer Ambrose Sperry bought a 
toy top and carried it home to his chil- 
dren. He spun it on the living room floor, 
and one of the children asked: — ^**Daddy, 
why docs a top stand up when it spins?” 

It was an old, old question. Mathe- 
maticians had written tomes about “gyro- 
scopic inertia.” But no one had ever found 
a way to utilize this strange physical 
force. 

Sperry — then aged 44, and already 
famous as the inventor of an arc light, 
a new system of electric propulsion for 
trolley cars, and a long list of other 
things — pondered the top. It was his first 
step on the long road toward his in- 
vention of the gyro-compass that bears his 
name. This invention changed the world 
The gyro-compass revolutionized marine 
navigation and, without it, long-range 
aviation as we know it could not exist. 
Transatlantic flights and 2000-mile hops 
between pin-point islands in the Pacific 
would be out of the question. Precision 
bombing would be impossible. For the 
gyroscope was the forerunner of the di- 
rectional gyro (for direction keeping and 
for showing the amount of turns), the 
artificial horizon (which .shows the pilot 
whether he is in level flight), and the 
turn and bank indicator (which shows 
the rate at which the plane is turning). 
Gyroscopes arc an integral part of the 
Sperry and Norden bomb sights, while 
the Sperry automatic pilot — which auto- 
matically flics the heaviest plane through 
any kind of weather — is essential in de- 
termining the proper course during the 
crucial moments before the bombs are re- 
leased. 

But that day in Cleveland, Si>erry fore- 
saw none of these things. He was aware 
only that the child’s question nagged him. 

Sperry first waded through the techni- 
cal literature then borrowed an electrical- 
ly driven gyroscope from a scientific 
school. It was a simple instrument — a 
solid steel wheel on an axle, mounted 
within gimbal rings so that it could be 
turned in any direction. That is, it could 
be turned when the wheel was at rest. 
But when the motor spun the axle at 
3000 revolutions per minute it became 
difficult to budge the wheel out of its 
plane of rotation. The frame could be 
turned in any direction — ^the whed held 
steady. Sperry pointed the whirling axle 
toward the sun, and watched how it stub- 
bornly held its direction. The spinning 


wheel seemed to turn over within its 
frame once every 24 hours. But actually 
it steadily pointed at the sun. The sun 
doesn’t move, and neither did the spinning 
wheel. The world revolved around the 
gyroscope. 

For months Elmer Sperry was obsessed 
with the spinning wheel. At such times he 
had to be reminded to eat, and invariably 
forgot to take any money with him when 
he went out of the house, with the result 
that he ran into embarrassing situations 
on street cars and in restaurants. 

Sperry first proposed building a gyro- 



by keeping ships steady during the firing ? 

The Navy showed cautious interest. 
After three years of tests and delibera- 
tions, Sperry built a full-sized stabilizer 
for the destroyer Worden, a notoriously 
unsteady craft The stabilizer made the 
Worden ride like a canoe on a mill pond. 
But cost and weight of stabilizers were a 
drawback — and as a matter of practice 
the ship’s roll is useful to naval gunners, 
who thereby get increased gim elevation 
and range. 

However, Sperry gyro-stabilizers were 
installed in many large private yachts, 
and years later the Italian liner Conte dt 
Savoia was fitted with three 80-ton gyros 
at a cost of over $1,(X)0,000. There was 
so much publicity about this installation 
that the Italian company had to stop 
advertising it. People insisted on travel- 
ing on that one ship alone. 

Steam had replaced sail long ago, and 
steel had driven the wooden ship from the 
seas. But nothing had been done to im- 
prove the compass, an ancient Chinese 
invention which never deserved its repu- 
tation for accuracy. For one thing, the 
needle did not point to true north but to 
“magnetic north,” a broad, uncertain area 
in northern Canada. Steel hulls threw the 
compass needle off the beam. Steel super- 
structure also deflected it. Any metallic 
cargo added further uncertainty. In cer- 
tain parts of the world — notably the Great 
Lakes — iron-ore deposits made the com- 
pass particularly wild. In submarines it 
was entirely useless. Often it took days to 
adjust compasses before a ship could sail. 

Elmer Sperry felt sure that his gyro- 
scope was the answer. Once fixed on true 
north it would stay fixed. It could be 
placed anywhere on the ship, and would 
not be distracted in the slightest by mag- 
netic influences. The problem was to 
couple the spinning wheel to a compass 
card, and to mount it so that it would 
not be thrown off by the ship’s motiqn, 
or by the terrific shock of a broadside 
fired in battle. 

Sperry worked slowly, with great 


Abovo: Elmer Sperry — otmosf 
400 potents. kight: Sperry's 
modest birthplace in Cincin- 
natiis (populotiofi 800) in con- 
trol New York State. He was 
o student at the Cornell 
University for two years 


scopic stabili/er to keep the top-heavy 
old-fashioned automobile on an even keel 
on the high-crowned roads of the day. 
This was not feasible. A little while later 
he took a trip to Euroi>e. In a storm at 
sea he was thrown out of his berth and 
wrenched his knee. He was indignant— • 
why should man be at the mercy of the 
ocean?— and immediately decided to do 
something about it Couldn’t the gyro- 
scope be used to stabilize a ship and pre- 
vent it from rolling in rough weather? 
He believed it could. Might not^a gyro- 
scopic stabilizer improve naval gunnery 



labor. Finally, in 1908, he triumphantly 
announced that he had perfected the gyro- 
compass — simple, sturdy, foolproof, and 
efficient. 

This news caused a great stir in the 
Navy. The gyro-compass was taken out 
for final trials in the Delaware, then our 
newest and finest battleship. The compass 
was set up in the base of the conning 
tower, with repeater compasses on the 
bridge, and the decisive test came when 
the Delaware's guns thundered a salvo 
that smashed lights and crockery and 
sent men reeling against the bulkhead. 
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At this moment a ditty box which a sailor 
had carelessly stowed on a platform half- 
way up the conning tower came tumbling 
down and thudded squarely on the com- 
pass, scattering handkerchiefs, photo- 
graphs, and assorted personal belongings 
among the outraged officials. Elmer 
Sperry just fainted. When he revived 
the compass still pointed serenely towstrd 
true north, and all was well. Reminiscing 
later about the compass tests, Sperry 
said : “On such occasions there comes 
over me a welling up from within, a sort 
of elation, and life takes on a new and 
exalted aspect. That is living 1“ 

The Navy at once started equipping 
all ships with the gyro-compass, and 
orders arrived from the British, French, 
Russian, Italian, and Japanese navies. 
The last skeptics were convinced when 
a gyro-compass guided the British sub- 
marine E-11 through the nets, mine 
fields, and swirling currents of the Dar- 
danelles to the harbor of Constantinople, 
where it destroyed much shipping. 

Today all submarines depend abso- 
lutely on the gyro-compass, not only for 
underwater navigation but for accurate 
firing of torpedoes. The torpedoes them- 
selves are steered by gyroscopes. Practi- 
cally every first-class ocean-going vessel 
in the world carries the Sperry compass, 
despite Its minimum cost of $6500. Orig- 
inally our Victory ships were planned for 
magnetic compass operation, since there 


was a scarcity of gyro-compasses. But 
the demagnetization of the ship that is 
necessary to neutralize magnetic mines 
so affects the operation of the magnetic 
compass that we are now putting gyro- 
compasses on them. 

Most modern merchant ships also are 
equipped with the Sperry Automatic 
Pilot, or “Metal Mike,” which can steer 
a ship straight across the ocean with no 
human helmsman on the bridge. “Metal 
Mike” is so uncannily accurate that at 
first superstitious native pilots refused to 
stay on board with it. They thought the 
Devil was steering. 

Two years ago, the Navy launched the 
submarine tender V, 5. S, Sperry, honor- 
ing the inventor not only for his contribu- 
tion to navigation, but for the way the 
gyroscope transformed naval gunnery. 
Gun-pointing used to be done visually. 
But now an officer in the foretop a hun- 
dred feet above the deck spots a target 
over the horizon, superimposes the bear- 
ing on a gyro-compass, has it transmitted 
instantly to all battle stations by repeater 
compasses, and thus enables gunners to 
hit distant objectives entirely out of sight. 
Unaffected by the ship’s yawing, the gyro 
provides for accurate gun-pointing. 



Top: The old Dt/owore, first 
naval vessel to be equipped 
(1911) with a Sperry gyro- 
compass. Above: The original 
compass as installed on the 
Oelaware. Some of the ports 
were built by Sperry himself. 
Left: A modern Sperry de- 
tector car. Within are gener- 
ators thot deliver 4500-am- 
pere currents to test roils 

Sperry’s place in aviation is just as im- 
portant. Even before World War 1, 
Sperry started adapting the gyro-stahil- 
izer for use in airplanes, mainly to make 
the air safer for his son Lawrence Sperry, 
a determined pioneer flier. It was a bitter 
blow when Lawrence was drowned in the 
English Channel in 1923, after his plane 
was forced down by motor trouble. But 
this only made Sperry more eager to 
do for planes what he had accomplished 
for ships. Gradually the basic flight in- 
struments were developed and perfected 
Each instrument is a marvel of precision, 
lieside which a watch is coarse and 
clumsy. The raw materials in the direc- 
tional gyro are worth only a couple of 
dollars, but the fine work necessary brings 
the cost of the finished product to more 
than $300. 

Of all the miracles of modern science, 
surely one of the greatest is a huge 
Iximber or transport roaring through 
space at hundred^ of miles per hour, 
buffeted by the winds, cut off from sight 
of earth by clouds or darkness, yet fol- 
lowing a true course, with its every move- 
ment controlled automatically by tiny 
gyroscopes. Elmer Sperry made the mir- 
acle possible. 


The gyroscope also has uses on land. 
For example, it is useful in oil-well drill- 
ing. Formerly, there was no way of con- 
trolling the direction of a drill thousands 
of feet underground. Bore holes wandered 
as much as half a mile off course, fre- 
quently ending up in territory belonging 
to someone else. There was no remedy 
for this until a special gyro developed 
by Sperry was harnessed as a subter- 
ranean direction-finder. Now bore holes 
can be drilled accurately to any depth. 

The gyroscope created a great industry. 
The Sperry Gyroscope Company is today 
one of the biggest war plants in the New 
York area, and one of the most secret, 
closely guarded factories anywhere in 
the world. It is a technological wonder- 
land behind closed doors, pouring forth 
— in addition to gyroscopic equipment — 
a staggering assortment of instruments 
which seive as the mechanical eyes, ears, 
and nerves of modern war. Without 
these instruments — mostly labeled “con- 
fidential” — we scarcely could control our 
own weapons. 

The gyro-compass is not the only rea- 
son why engineers and scientists rank 
Sperry second only to Edison. When he 
died in 1930 he had nearly 4(K) patents in 
his own name, covering inventions which 
ranged all the way from electric coal- 
rutting machinery to a chemical process 
for extracting tin from scrap metal. One 
of his most important inventions was a 
searchlight which creates “the brightest 
continuous light ever made by man.” 
Sperry built the first model for the Navy 
during the last war. It evolved into the 
60-inch searchlight which now is standard 
equipment in all U. S. anti-aircraft bat- 
teries. The eight hundred million candle- 
power l)eam actually is as bright as sun- 
light. It can be seen 200 miles away, and 
it is easy to read a newspaper in its beam 
at a distance of several miles. A small 
model of the lamp is used in motion-pic- 
ture projectors in thousands of theaters. 
Without it, clear projection would be im- 
possible in large theaters like the Radio 
City Music Hall in New York City. 

Everyone who rides a train is indebted 
to Sperry for a vital contribution to rail- 
road safety. For years, one of the chief 
causes of wrecks was the unpredictable 
collapse of sections of rail. Rails that 
look^ all right would suddenly give way 
under the weight of a train. All railroads 
had tried desperately to find means of de- 
tecting the hidden cracks, but without suc- 
(Please turn to page 84) 



AUGUST 1943 • SCIENTIFIC AMERICAN 


HEALTH 


The Culprit Is Histamine 

A Substance Normally in Our Body Ceils Makes 
Trouble When it Escapes into the Blood Stream 


L. W. GIELLERUP 


I T WAS one of the hottest days of the 
year in Rochester, Minnesota, yet at 
high noon a man limped into the famous 
Mayo Clinic wearing a heavy overcoat 
and spats. His cars were tucked under 
furry ear muffs, and, as it developed 
later, he was snugly swathed in heavy 
woolen underwear. The Mayo doctors 
found the be wrapped gentleman’s com- 
plaint to be as odd as his dress. It was 
so .simple — he just couldn’t keep warm! 

Within a year, thousands of miles away 
in London, England, a man was re.scued 
from the wreckage wrought by a Luft- 
waffe bomb. Following routine treatment 
this victim was di.scharged. For a few 
days he seemed to be in perfectly normal 
health. Then he suddaily dropped dead 
These seemingly unrelated events had 
a curious association. The shivering 
patient in Rochester, Minnesota, and the 
ail -raid victim in London, England, were 
brothers under the skin. They were re- 
lated by blood, in the sense that their 
veins harbored the same mysterious sub- 
stance which had brought chronic misery 
to one and sudden death to the other 
They were victims of similar allergies 
These curious cases have played signi- 
ficant roles in one of the most striking 
medical developments of our times, a 
triumph of scientific deduction which 
may well have a vital meaning to count- 
less sufferers from allergies to foods, 
pollen, ivy poisoning, and some leading 
types of chronic headaches. Common 
allergies are universal and costly menaces 
to human health and happiness From 
Aunt Martha’s “migraine” to the mys- 
terious behavior of air-raid victims, the 
allergic keep many a physician playing 
hide-and-seek with the baffling symptoms 
inherent in these disorders. Often, these 
symptoms may resemble those common 
to a well-known complaint. Yet orthodox 
treatment fails to bring relief. 

The most striking feature of common 
allergies is the wide divergence of the 
symptoms. Naturally, it was a real tri- 
umph when medical science discovered 
that the same substance which burdens 
some people with a lingering lifetime 
of allergic misery, may also cause the 
collapse and sudden death of persons suf- 
fering from serious shock. Here the 
culprit is histamine, a substance manu- 
factured by the body itself. The real 
significance of histamine in common 
allergies is known only to a relatively 
small group of medical men. But the 
British discovery of histamine’s lethal 
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powers has stimulated world- wide inter- 
est in the subject. Here is how London 
physicians tracked down the killer. 

Victims extricated from bomb-blast 
wreckage arc hospitalized as “crush in- 
juries,” meaning that they have been 
under pressure. The skin of a “crush 
injury” may show only a few welts, a 
wheal or two. Usually there is a degree 
of nervous tension. After routine treat- 
ment patients may seem to be normal 
for a time, but without warning they 
may suddenly collapse and die. These 
cases are not to be confused with the 
well-known phenomenon of soldiers found 
dead on the battlefield without apparent 
cause. Here is the difference. The “crush 
injury” victim of air-raid wreckage suf- 
fers from the secondary effects of bomb- 
ing — the debris and its insidious pressure. 
The seemingly related battle-field fatalities 
result from the direct impact upon the 
body of high-velocity sound waves. Mod- 
ern shell-bursts cause serious internal 
disruptions of the human mechanism. 
Without creating a single surface wound 
the action of these waves contributes to 
shattering the lungs in a thousand places. 

The wreckage-bound victim of an air- 
raid also reacts to pressure but the 
damage is close to the surface. Though 
the skin is whole, careful examination 
will reveal crushed muscle cells due to 
steady and powerful pressure on the 
confined parts. Whether the ordeal has 
lasted a few hours or more than a day, 
the duration of the “crush” bears no 
relation to the final outcome. At this 
point the cases became first-class medical 
mystery. Painstaking autopsies revealed 
nothing directly related to the fatal 
result of the “crush injury” until — well, 
medical science simply rolled up its 
mental sleeves and started remembering. 

Way back in 1909 there had been ex- 
periments by Drs. Baylis and Cannon 
The muscles of animals were confined, 
circulation blocked. When the pressure 
was removed and normal bloodflow re- 
leased, shock followed and the animal 
died. Later, Sir Henry Dale, professor 
of pharmacology at the University of 
London, discovered that the “crushed” 
muscles of such animals contained a 
something called histamine. This sub- 
stance was released into the bloodstream 
from the debris of the crushed muscle 
cells. Dale’s deduction that this histamine 
substance caused the« fatal shock is one 
of the accepted medical theories today. 
Well it might be. The same shock, ob- 
served in the experiments, was produced 
by injecting histamine into normal ani- 
mals! 

One notable thing about histamine is 


its potency. One one-millionth part in the 
blo^stream can cause intense physical 
distress. This seems to be true in the 
direct action of histamine, as in “crush 
injuries,” and in the sensitivy to external 
substances, as in allergies. It was only 
natural for medical science to reason 
tjiat if histamine can set the stage for 
the death of its sensitive host, what about 
the non-fatal damage of less though ab- 
normal concentrations? The far-reaching 
implications of this question and their 
possible significance to millions of peo- 
ple, easily raises the subject of histamine 
research to the level of the vitamins and 
sulfa drugs. 

The nature of histamine, how it oper- 
ates in serious body disturbances, is 
extremely interesting. Histamine is a 
protein associated with the everyday food 
proteins beloved by nutritionists. You 
may recall that proteins share the spot- 
light with those other basics in foods, 
the carbohydrates — proteins the major 
constituents of meats, carbohydrates the 
rulers of the “starchy” foods. Histamine 
is normally in all living body cells, but 
it gets into the bloodstream when cells 
arc injured. One accepted medical belief 
is that histamine is set free by destruc- 
tion of tissue. The action of bacteria, too, 
tan unleash this blight; even exposure of 
the body to light. Theoretically hista- 
mine can act like allergens, body sub- 
stances which make some of us so sensi- 
tive to pollens, dust, poison ivy, and the 
circumstances producing hives. Allergens 
may also be connected with the moie 
sinister phenomenon of shock. 

To give the devil his due, histamine 
has its good side Normally it is a stimu- 
lant to many muscles and glands. But 
when it is itself goaded, the substance 
inhibits the tiny blood vessels of his- 
tamine-sensitive people. These vessels, 
which regulate the blood supply, lose their 
function. This is a step toward shock 
The removal of a simple tourniquet from 
an injured limb may bring on shock 
thought to be due to an increase of his- 
tamine in the bloodstream. This is hista- 
mine acting directly The allergic action 
of histamine is often demonstrated in a 
homelier way by a condition called der- 
magraphia, or skin writing. Perhap.s you 
have never met a human writing pad, 
but such people are not at all uncommon. 
When the flesh of these individuals is 
inscribed with a pointed object, the 
characters appear like magic in red welts. 
•The reason is this : Even light pressure 
injures the tissue cells. Histamine is re- 
leased, causing the welts, engorgements 
of the local blood vessels, wherever the 
pressure occurs. 

It seems a long jump from the pressure 
of a pencil on the skin, to being buried 
alive in bomb-blast wreckage, or even 
to reactions caused by pollens, cold 
water, or poisonous plants. But, medi- 
cally speaking, unfavorable reactions to 
these experiences may simply represent 
different levels of allergy. This demon- 
strates better than any funeral cortege 
that the real importance of histamine 
research is in its application to the many 
tvho may be sensitive to the substance in 
different, but extremely vital degree. 

Medical research is increasingly con- 
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cerned with the millions who suffer at 
some disturbing level from chronic ail- 
ments due to obscure causes such as 
allergies. Science is speeding important 
re«iearch on the relation of histamine to 
such mysteries as hay fever, migraine 
headaches, the common cold. The prin- 
cipal conclusion of science on this sub- 
ject to date is that it takes histamine, 
or related substances, to fight a hista- 
mine susceptibility. The modern principle 
in the treatment of allergiqs mirrors the 
homeopathic doctor’s ancient dream — to 
cure the disease with its cause. Doctors 
know that histamine susceptibles must be 
handled with elaborate caution. Desensi- 
tization to the substance must proceed 
from infinitely tiny doses through al- 
most imperceptible increases. The phy- 
sician must have the patience of Job 
to avoid an overdose and the resulting 
shock. To patients, the relief from the 
misery of histamine sensitivities is well 
worth the strain of the treatment. Take 
ivy-poisoning susceptibles, for example. 

There is glad news for millions of 
such sufferers in a scientific report 
lucked away in America’s leading medical 
journal. Dr. Joseph Moss, of Durham, 
North Carolina, theorized that allergy 
to poison ivy might in some way be re- 
lated to Iiistamine sensitivity. For a 
laboratory he chose a summer camp in- 
fested with poisonous ivy growths. Fight 
persons were used as subjects. All were 
known susceptibles to ivy poisoning, h'oiir 
were given daily doses of a drug in the 
histamine family. The other four subjects 
served as “controls “ All eight were 
exposed continuously to poison ivy for 
ten days. Result* None of the subjects 
who had taken the desensitizing drug 
developed ivy poisoning. Two of these 
four, who had been poisoned during the 
preceding summer, survived deliberate 
attempts to contract the ailment. Two 
of the four “controls” who went drug- 
less contracted ivy-poisoning, “one rather 
extensively.” 

Later a group of 35 campers took the 
test. Nine who had been poisoned by ivy 
the summer before were given the drug 
for 25 days. The other 26 persons were 
“controls.” One of the nine subject.s 
dropped out. Result : Ivy-poisoning struck 
13 of the 26 “controls.” But only one of 
the eight taking the drug came down, 
and the attack was confined to a mere 
patch on the knee. Four of ^ these sub- 
jects, all allergic to the weed, actually 
rubbed it on their skins! 

Dramatic, too, is a feat of research by 
Dr. B. J. Horton, a Mayo clinic allergy 
expert. For intuitive and courageous pro- 
cedure, Dr. Horton earns a medical palm 
Recognizing that headache, a supposedly 
simple, everyday ill, causes tremendous 
physical misery and economic loss to 
millions of people, Dr. Horton has long 
applied his skill to the relief of this 
widespread ailment. His experiente gives 
an excellent preview of what histamine 
therapy may mean to the world to come 
Actually it is much easier for a physician 
to diagnose and remove an infected ap- 
pendix than to pin down the causes of 
many types of chronic headache. During 
an extended clinic Dr. Horton catalogued 
many headache symptoms. Front careful 


records he discerned definite patterns. 
One that recurred frequently was an ex- 
cruciatingly painful condition centering 
in the victim’s eye. Patients described 
it as the sensation of “a knife being 
driven through the head.” 

With the strange consistency of some 
human ailments, the attacks came with 
deadly regularity at the victim’s bedtime. 
Sleep could be had only by sitting up in 
a chair. Most patients confessed to suici- 
dal thoughts. Some had resorted to serious 
operations. Marshalling his knowledge of 
histamine. Dr. Horton decided to try an 
experiment. He injected the patients with 
pure histamine. Upon such intuitive dc' 
cisions of physicians depends much of 
the world’s good health. To Dr. Horton’s 
own surprise the injections consistently 
produced attacks of the ailment. The 
conclusion was obvious. The sufferers 
were allergic to their own histamine, 
which, in mysterious concentration, struck 
savagely in the area of the eyes Wliy the 
eyes? Dr. Horton does not know to this 
day A series of desensitizing “vaccina- 
tions” with histamine relieved 76 of 78 
serious cases 

Dr. Horton christened the disease “his- 
taminic cephalgia.” The Journal of the 
American Medical Association carried his 
statement that histamine is as specific in 
this ill as insulin is in diabetes! 

Score another triumph for the belief 
that many allergies may stem from the 
individual’s own histamine. Dr. Miles 
Atkinson, of New York City, reports on 
the histamine treatment of sufferers from 
“M^ni^re’s syndrome,” which, roughly 
speaking, is to the ears what migraine 
is to the head. Dr. Atkinson writes that 
injections of histamine are successful in 
relieving patients who are hyper-sensitive 
to the substance. 

Another striking application of hista- 
mine therapy is the research of Dr Hor- 
ace Hill, Medical Superintendent, Laver- 
stock House Mental Home, .Salisbury, 
England. In the “shock treatment” found 
beneficial for dread schizophrenia (split 
personality) and manic depressive (heavi- 
ly brooding) psychosis. Dr. Hill injects 
patients with histamine and insulin The 
benefits, Dr. Hill believes, come not 
from the shock, but “from some chemical 
body as histamine.” Physicians in Amer- 
ica have used this technique with greater 
benefits than the crude “shock therapy” 
of suddenly dropping the patient through 
a trap-door, or placing him in a rapidly 
whirling chair. 

Astonishing 30-day cures of long es- 
tablished hives cases resulted from oral 
administration of a drug which neutral- 
izes histamine. The same drug relieved 
the histamine-sensitivc of skin eruptions 
and acid stomach. Even rheumatoid arthri- 
tis and swelling of the legs and arms have 
been benefited Dr. Loui.s E Prickman, 
of the University of Minnesota, believes 
that histamine therapy offer.s great possi- 
bilities in the correction of food allergies 
due to histamine sensitivity. 

However, it must be remembered that 
only the histamine-sensitivc can hope for 
such miraculous results. It is quite likely 
that a great deal of the world’s minor 
and major ailments could be cleared up 
by a general “vaccination” of all persons 


against possible histamine sensitivity. But 
that is mere day-dreaming. The cost 
would be fantastic, the organization 
of general densensitization incredibly 
involved. Unfortunately, “vaccination” 
against histamine sensitivity is apt to be 
a long drawn-out affair. It is true that 
the poison ivy experiments accomplishe<l 
apparent immunization in periods of 10 
and 25 days. But, even so, this can 
hardly be compared to the low cost and 
minor inconvenience of the single shot- 
m-the-arm techniques widely used against 
the better-known diseases. 

It seems pretty obvious that any moves 
on the histamine front are boun<l to be 
private affairs. The individual, if suffi- 
ciently interested, will have to take the 
time and trouble to consult a physician 
qualified to determine by test his or her 
reaction to history-making histamine. 

• • • 

CHILD CANCER 
Cancer Is Not Confined 
to Middle and Old Age 

Evkn children may have cancer — in 
fact, infants sometimes are born with 
it. In the professional journal Radiology, 
statistics on child cancer, on the basis of 
the census, indicate that approximately 
150,000 persons died of cancer in the 
Ignited States in 1939, and approximately 
1100 of these were less than 15 years of 
age, or 0 7 percent. Taking vital statistics 
of Massachusetts for the same year, it is 
shown that the death rate from cancer 
in childhood was greater than for pul- 
monary tuberculosis, measles, diabetes, 
scarlet fever, or typhoid. 

Thus the rather common tendency to 
smile increduously when cancer in chil- 
dren IS mentioned is not justified by the 
facts. It can happen here. 

WHOSE FAULT? 

Nobody’s— And Certainly 
Not the Mother's 

If a pater famtiias ever harbored a 
secret (or expressed) grudge against 
his spouse for “dcliv«'ring him,” as the 
old expression went, daughter after 
daughter without any sons, it is now his 
time to retire from the argument as softly 
as possible before the lady finds out, as 
she ultimately is likely to do, that human 
sex “is determined,” as The Journal of 
the American Medical Assocuitwn states 
it, “by the presence or absence of a par- 
ticular gene or set of genes of the father 
rather than by the mother.” 

This astounding fact is based on re- 
search performed by the geneticists and 
IS actually experimental, not merely 
the(»retical. Genetics is today one of the 
soundest branches of biological science. 

In the next phase of popular knowledge 
of the remarkable fact just stated, the 
long-suffering mothers are likely to turn 
the tables by demanding that the hus- 
bands themselves do something about it. 
But there i§ nothing they can do for the 
matter is entirely out of human hamls. 
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HOW EASY IS HINDSIGHT! 

I N A combative, newly-published book, “The Wright Brothers, 
a Biography Authorized by Orville Wright,” Fred C. Kelly 
demonstrates what is incontestably true — that it took the editor 
of Scientific American a long time to come to the point of 
believing that claims for the early Wright flights were truthful. 
Nearly three years elapsed between the Wright’s first powered 
flight and this magazine’s full acknowledgement, in the number 
for December 15, 1906, of “their epoch-making invention of 
the first successful flying machine.” 

In the light of w'hat everybody now knows, such a delay 
seems difficult to explain— difficult, in fact, to comprehend — 
especially when three more years are added, as they must be, 
for the Wrights’ previous gliding experiments, those of 1900, 
1901, and 1902 at Kitty Hawk. Docs it not seem strange, 
especially to readers who were not yet living at the time, that 
Scientific American did not currently describe and closely follow 
the long annual series of exi>criments from the outset? What, 
then, was wrong? 

The chief thing that was wrong is one that still is “wrong,” 
namely, that in human affairs there is no known formula for 
dead-sure prescience. From the vantage point of what we know 
today the early Wright experiments stand out like a beacon 
light. When they were being made they remained as obscure 
as a light under a bushel. In all the history of science and 
invention there scarcely ever was an instance so strange in 
this one respect: That public awareness of events which it 
seems today should have spread like a forest fire, and which 
could not by the utmost caution have been kept secret, actually 
kept themselves almost secret and spread only by the most slow, 
gradual smouldering. In an age of publicity writers this will 
be difficult to grasp. Let us go back. 

In 1900 the Wrights sought a location where winds were 
steady over flat open country. Weather Bureau data showed 
that Kitty Hawk, North Carolina, was suitable. The Wrights 
had not sought a secret place, yet had they done so they could 
scarce have found one more likely to afford that commodity. 

Three autumns at Kitty Hawk — those of 1900, 1901, and 1%2 
— taught them enough knowledge of glider control to tackle 
powered flight. They still were without publicity. They did 
not deliberately seek it but they did not fight it. And if at 
the end of the second year’s work Wilbur Wright could say 
that not within a thousand years would man fly, how can we 
today expect that people of even less faith then would feel 
otherwise, strongly enough to bring them to Kitty Hawk to 
report the events going on there? The Wrights were not re- 
garded as crackpots; simply they went rather unnoticed. 

The first power flights took place at Kitty Hawk late in 
December, 1^3. Orville Wright, the one now living, flew for 
59 seconds. It seems probable ffiat if the world had learned 
to be as receptive of new inventions and discoveries as it is 
today the Wrights would at that point have sprung into a 
limelight that never would have diminished. But the world’s 
psychology was unready. A nearby newspaper, the Norfolk 
Virginia-Pilot, treated the news of the 59-second flight as im- 
portant but only five of 21 big-city papers ordered the story 
when it was offered them; two of these did not print it. The 
news was still a match that hadn’t enough body of flame to it 
to ignite a log, and after its brief moment it went out. 

Kelly, the author, divides editors of the period into two groups 
of disbelievers: Those who didn’t believe the flights had taken 
place at all and those who saw no importance in them. For 
had not the distinguished scientist Simon Newcomb only two 
months previously proved by mathematical logic that heavier- 
than-air flight was impossible for man, and had not Professor 
Langley once more failed in an attempt to fly only two weeks 
before that? 

If Kitty Hawk was so remote as to be a factor in the seeming 
unreality of the asserted flights, was a field only eight miles 
from Dayton, Ohio, so remote as to have a similar damping 
effect of remoteness on public credulity — especially as two high- 
ways and an interurban car line passing it permitted full view 
of the Wrights’ powered flights of 1904 and 1905? Scarcely 
so, yet the subur^n farm might almost have been at remote 
Kitty Hawk. The Wrights prepared for a powered flight, sent 
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written invitations to Dayton and Cincinnati papers — and only 
35 persons turned up, 12 of them reporters. When motor trouble 
prevented the plane from lifting, most of the reporters knexv, as 
they had all along, that it was a hoax ; and when the next day 
more motor trouble cut the flight to 60 feet, the rest went home 
to stay and forget it. 

“During all their experiments that year and the next,” Kelly 
states, “the Wrights had all the privacy they needed.” The 
match again hadn’t ignited the log or the forest. 

The Wriglits flew and flew and flew on that field in 1904 
and 1905, in plain sight of a sightless world. They had plenty 
of troubles but worked up to five-minute flights, 18-minute 
flights, 25-minute flights, 38-minute flights, but it still wasn’t 
news ! You could draw a circle around that field, beyond which 
nobody saw or apparently cared. Even Fred Kelly, the author 
of the new book, reporting for a nearby Dayton daily, was 
sure it was all nonsense — yet in the same book he “pans” 
Scientific American for paying no attention when the publisher 
of a magazine on bee culture wrote an eye-witness account of 
the Wright flights and sent the editor of this magazine a 
marked copy I 

Thus it was that, a year later, the Wrights were still a 
forgotten secret because Dayton newspapers were waiting for 
them to “do something unusual” before risking in their columns 
space that might be used for more profitable purposes such as 
local society notes. And instead of making the most significant 
event of the century known to the outside world, Scientific 
American was publishing in its issue for January 13, 1906, a 
statement of its disbelief in the alleged Wright flights: “If 
such sensational and tremendously important experiments are 
being conducted in a not very remote part of the country, on 
a subject in which almost everybody feels the most profound 
interest, is it possible to believe that the enterprising American 
reporter, who, it is well known, comes down the chimney 
when the door is locked in his face — even if he has to scale 
a fifteen-story skyscraper to do so — would not have ascertained 
all about them and published them broadcast long ago?” 

Scientific American’s mistake — ^and it made one— lay just 
there: The enterprising Dayton reporters obviously weren’t so 
enterprising as our trusting editors believed. It was they, 
primarily, who kept the Wrights’ big news in a vacuum. And 
Fred Kelly at the time — so says his own book — was a reporter 
dwelling only 11 miles from the Wrights’ experiments! 

It is not as if Scientific American had always ignored or 
belittled the Wrights’ flights. Eighteen months before the edi- 
torial comment quoted above was written it had stated (in the 
number for June 11, 1904) that “the flying machine invented 
by Orville and Wilbur Wright, which made a successful flight 
at Kitty Hawk, N. C., last December, had another trial near 
Dayton, O., on May 26, which the brothers say was successful.” 
What transpired in the next 18 months to cause the editors 
temporarily to become doubters we today know not 

Kelly tells how in 1940 Dan Kumler, wh® was city editor of 
The Dayton Daily News during the years in question, parried 
embarrassing questions and then gave in. Asked why there 
was nothing in his paper, he replied, “We just didn’t believe it 
Of course, you must remember that the Wrights at that time 
were terribly secretive.” ”You mean they were secretive about 
the fact that they were flying over an open field?” “I guess,” 
said Kumler grinning, “the truth is that we were just plain 
dumb.”— /l.G./. 
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Oil From Canadian Sands 

Billions of Barrels of Oil, but Not for Lubrication 
May be Drawn from Northeastern Alberta 


LEONARD BOURNE 


I N THE widespread search for new and 
undeveloped sources of vital materials 
needed for the successful prosecution of 
the war, an area of some 10,000 square 
miles of mineral-rich oil sands in the 
northeastern regions of Alberta may 
prove to be an invaluable aid and to pro- 
vide much weight to the eventual knock- 
out punch to Axis dreams of world con- 
quest. 

At McMurray, a few hun- 
dred miles north of the capi- 
tal at Edmonton, is real wealth 
in oil — huge quantities of it, 
estimated to be enough to 
supply the world’s needs for 
the next hundred years or 
more; oil with an amazingly 
high ductility that may help 
solve the problem of supply- 
ing synthetic rubber to the 
armed forces of the United 
Nations, as well as for civil- 
ian reqitirements. This oil is 
also producing an asphalt 
of excellent quality in suf- 
ficient quantities to surface 
the entire length of the re- 
cently completed Alaska High- 
way. 

High octane gasoline, trac- 
tor fuel, Diesel fuel, coke, 
and asphalt are the immedi- 
ate products in view from the 
Alberta oil sands and quanti- 
ties of each have already been 
recovered from this '‘black 
gold.” So important is the 
area consider^ that plans 
have been under advisement 
for the construction of a $20,- 
000,000 plant that will add considerably to 
the United Nations* oil reserves. Al- 
ready a half-million dollars have been 
appropriated by the Dominion Govern- 
ment for the development of existing plant 
equipment and for research directed 
toward the solving of some of the still 
present problems in the extraction of 
oil from the extensive sand deposits. The 
potential importance of these oil sands 
to the Allied military plans is great in- 
deed, for this vast region lies within 
reach of America's newly built lifeline to 
Alaska. With Russia's vast Caucasus oil 
fields endangered earlier by Nazi ad- 
vances toward Stalingrad, these deposits 
in Alberta take on vital significance. 
Produced here in great quantities, fuel 
oil and high-octane aviation gasoline will 
facilitate the supply problem to ouc north- 
ern outposts and the Padhe. 


How much oil is there in this fabulous 
region ? 

Nobody really knows, but American 
and Canadian geologists say that a hun- 
dred billion barrels are within the realm 
of possibility and that even 250 billion 
barrels are not too high a guess. Then 
remember that the present known oil 
resources of the world are perhaps 35 
to 40 billion barrels and the extent of the 
potential development of the oil sands 
begins to take on astronomical propor- 
tions. 

The fact that the Alaska Highway was 


completed ahead of schedule, opening a 
direct supply line to defense posts in 
Alaska and the Pacific, has speeded up 
other aspects of the drive for raw mate- 
rials. 

Results of investigations made last 
summer have not been fully revealed but 
recent action by the Canadian Govern- 
ment strengthens the belief that no op- 
portunity to increase supplies of natural 
wealth is being overlooked. The Canadian 
budget estimates, recently made public, 
include provisions for income tax deduc- 
tions by prospectors, mine operators, and 
oil operators. Pre-production expenses, 
according to the altered income tax sched- 
ules, may be written off against the in- 
epme from new oil-well production or the 
production of vital base minerals. Otlier 
concessions, too, are included in the new 
tax program to encourage and stimulate 


interest in prosj)ccting for these needed 
materials. 

Specific plans with regard to increas- 
ing production at the McMurray oil sands 
region arc still not complete, however. 
One of the principal considerations in- 
cludes the building of a pipeline from 
McMurray to Edmonton, but the problem 
of securing material for such a pipeline 
at this time may be found insurmountable. 
Other means of transportation, however, 
are not only feasible but arc now being 
employed despite temporary difficulties 
and a resulting reduction in the facility 
with which oil can be moved. 

These Athabaska oil sands of Alberta 
are not newly discovered ; they have been 
known for many years, but because of 
their inaccessibility, little was done to 
develop production on a commercial 
scale. White men first heard of this 
strange vast resource in 1719, when an 
Indian brought samples of “gum or pitch 
that flows out of the banks of rivers” to 
a fur trader on Hudson Bay. Peter Pond 
and Alexander Mackenzie, two of the 
rcveied names in Canadian exploration, 
left long and glowing ac- 
counts of these river banks 
where Indians dug out pitch 
to mend their canoes. 

T hk sands are an ancient 
delta or estuary deposit, 
washed into a shallow sea 
many million years ago and 
later huried beneath accumu- 
lations of sediments. In time, 
these were consolidated into 
sandstones and shales. At 
some time and in some manner 
about which there is still much 
speculation, the sand became 
saturated with heavy oil. 
More recently, the Athabaska 
River and some of its tribu- 
taries have cut valleys through 
the overlying rocks and 
through the oil sands, leaving 
l)enchcs or shelves in the oil 
sands, some of them of large 
extent, along the valley walls. 

It is probable that no other 
mineral deposit has been the 
.subject of research over so 
long a period of time. Much 
of the pioneer exploration 
was conducted by S. C. Ells 
(F.R.G.S., F.G.S. of London) of the 
Dominion Mines Branch of Ottawa, who 
revealed the potential resources of the 
vast area. In 1913 the first tests were 
made in an area then largely imsurveyed 
and known only to trappers and northern 
natives. Cote drilling, sampling, a study 
of mining methods in conjunction with 
the excavation of tons of these bituminous 
sands, and exhaustive laboratory studies 
contributed toward the actual operations 
that materialized only recently. 

It remained for Max W. Ball, one time 
member of the U. S. Bureau of Mines and 
for many years a successful geologist, to 
develop a method of "mining” the sands 
successfully. The oil is found at depths 
of from eight to perhaps two hundred 
feet below the surface, hence open pit 
extraction is possible. Light blasting fol- 
lowed by power shoveling is used to ex- 
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cavate the oil-bearing sand; in fact, the 
blasting actually starts the separation of 
the sand grains from the surrounding 
oil film. Conveyor belts carry the sand 
to the separation plant where, by means 
of flotation, the oil is completely separated 
from the sand. 

This is the method employed at the 
Abasand Oils Ltd., plant at McMurray 
where Mr. Ball’s experiments over a 
period of 12 years now make it possible 
to recover oil from the sand deposits in 
a matter of minutes. 

Actually, commercial production has 
become a problem in economics rather 
than engineering. Production costs are 
pretty well established, but transportation 
co.sts, the extent of a stable and assured 
market, and problems of expansion are 
important factors. 

Original estimates revealed the oil 
sand deposits to average 15 to 17 percent 
oil content. Operations now are limited 
to more than 4000 acres in the Atha> 
baska River region around McMurray, 
for which the mining rights have been 
issued, and except for two or three small 
tracts, present leases cover all the known 
mineable deposits within 45 miles of the 
present railhead at Waterways. These 
sites have been selected as being most 
suitable for the open pit mining methods 
now in practice and it is highly probable 
that only these deposits will be worked 
for another generation or so. 

Plant operations now reveal a steady 
production rate of 300 barrels of oil daily 
from the processing of 400 tons of oil 
sands. On this basis, and with the re- 
quired plant expansion envisioned, pro- 
duction of 10,000 to 20,000 barrels of oil 



So rich in oil ore some of the sends 
thot oil con be squeezed out by bond 


per day is quite feasible. Carrying these 
estimates further, officials anticipate pro- 
duction of 100,000 barrels of oil to the 
acre of these valuable deposits. 

Assuming that oil from the sand de- 
posits is exact and steady, at 10,000 bar- 
rels daily, it could be laid down at the 
refinery for 75 cents now and two years 
later it would still be produced at the 
same basic cost. 

It is estimated that it costs 83 cents to 
produce the average barrel of oil at 



A generol view of the open -pit mining oreo ot the McMurroy, Alberto, pilot plont, 
where oil-sond deposits ore found ot o depth! of 15 feet below the surface 


American wells ; taking it to refineries 
averages perhaps another 25 cents, or a 
total of $1.08, which figure could con- 
ceivably fluctuate but still he .liiRher than 
the Alberta estimate. Most oil fields de- 
cline from their peak production; as the 
fields grow older, pumping and other pro- 
duction costs increase. But the open pit 
mining methods at McMurray made pos- 
sible by the accessibility of the oil de- 
posits at depths close to the surface, elimi- 
nate any fluctuation in production costs 

Present production is more than ade- 
quately covered by the market demands 
Gasoline, Diesel Riel, and fuel oils pro- 
duced from the Alberta deposits are al- 
ready being shipped to the North A 
heavy freight rate advantage over prod- 
ucts from competing refineries is ex- 
plained by the fact that the McMurray 
deposits are 500 miles nearer to their 
markets; hence, transportation costs are 
lowered. 

The principal markets for asphalt prod- 
ucts, aside from the anticipated use in 
surfacing the Alaska Highway, are to 
the south of the McMurray plant. Small 
sections of Alberta roadways surfaced 
with tliis native asphalt have proved ex- 
tremely economical and substantiate the 
belief that, even produced in large quan- 
tities, the demand might well exceed the 
supply. 1'herc are roadway sections in 
Edmonton built of this McMurray oil 
sand asphalt which have never required 
major repairs in more than 20 years. 
Pavements of other refinery asphalt re- 
quire repair almost every year and in 
some case.s must be completely replaced 
every five or six years. 

Alberta’s native oil sands have been 
weathered for more than 100 million 
years, Icaniing the liard way to contract 
and expand in temperatures ranging 
from 90 above to 56 below. Consequent- 
ly, the asphalt product is peculiarly 
adapted to the surfacing of . public roads 


throughout the northwest and will .solve 
one of the major problems in year-’round 
maintenance of the Alaska Highway. 
Weathered by nature and possessing 
qualities of persistency that make fre- 
quent repairs unnecessary, llie Alberta 
oil sands product eliminates the repair 
cost factor. 

.\ 5 phalts from McMurray, for example, 
can be delivered for about IOP 2 cents per 
gallon, F O.B Edmonton, in tank car lots 
Tliis is the same price for which asphalt 
can be delivered from Calgary, Alberta, 
refincTies as a by-product of the Turner 
Valley oil fields. Even with tankage 
scarce, it could be shipped in barrels at a 
slightly higher cost, but the superior 
quality of the McMurray product would 
more than offset the increase. 

T iik verv quality which makes for per- 
fect asphalt also renders the crude use- 
less for the manufacture of lubricating 
oil Tt has never been exposed to the 
tremendous prcs.su res to which deep- well 
crudes have been subjected. It is very 
susceptible to heat and therefore it cracks 
down at relatively low temperatures. 
On the other hand, this quality makes 
possible the manufacture of all types of 
fuel which require low flash point. 

The lighter products — gasoline, Diesel 
fuel, and fuel oils — are already fueling 
the steamers, tugs, and other river craft 
which ply the Athabaska, the Slave, and 
the Mackenzie Rivers. It likewise fuels 
the Diesel engines, gasoline motors, 
boilers and healing appliances of the min- 
ing camps in the far north. Everything 
from bunker oil, including the kerosene 
categories, to the highest octane ratings, 
can be produced. 

All contemplation of future develop- 
ments of this area are allied with the 
Alaska Highway. Canadian and Ameri- 
can authorities see this road not merely 
as a wartimt emergency lifeline to de- 
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Oit-beoring sond is fed into the lorge drum in the bockground where hot water oc> 
complishes the separation by fiototion. The seporated oil is then carried into the tonks 


fense outposts, but as a postwar route 
opening the doors to almost unbelievable 
expansion and development of the north- 
west and its natural wealth and resources. 
These will, of course, be urgently needed 
in the reconstruction and stabilization 
period following the end of hostilities. 

In this postwar development, the Mc- 
Murray oil sands will play a vital part, 
even if they should not, for one unseen 
reason or another, become directly har- 
nessed to the present war effort. 

Larger deposits farther down the Alha- 
baska River from present operations are 
estimated to contain 300,000,000 barrels 
of oil. To work them successfully re- 
quires a plant to produce and digest an 
average of 10,000 barrels a day, to con- 
nect this plant by pipeline with the rail- 
head at Waterways, and to erect a com- 
plete refinery at Edmonton at a total cost 
of about eight million dollars. Such ex- 
pansion would assure production of 10,000 
Imrrels a day for 20 years before the 
plant need be moved ; this figure could 


HAROLD KEEN 


A dd to tlie jiation’s critical war mate- 
rials, alongside rubber and many 
metals, a white, semi-transparent, taste- 
less, odorless, gelatin-like mass— agar. 
Without it our military machiite might 


he stepped up to even 30,000 barrels a day, 
With no further burden such as is in- 
volved in drilling additional wells. 

Construction of a 300-mile pipeline 
from plant to refinery, no matter what it 
ct)sts, is considered economically desir- 
able. Since the supply of oil is unlimited, 
the amortization on this pipeline could 
be extended over a period of 30 to 40 
years instead of the itsual ten-year period 
as in the case of most oil lines 

Probably of greatest significance in 
considering the future of this vast mineral 
wealth is the matter of a permanent sup- 
l)ly of basic materials for the manufac- 
ture of synthetic rubber. Because of its 
high ductility, Athabaska oil sands are 
considered a likely source of butadiene, 
an important basis for the manufacture 
of synthetics. Once the ultimate develop- 
ment is launched and butadiene is pro- 
duced in large quantities from this source, 
a national economy independent of sup- 
plies of raw natural rubber can be estab- 
lished 


well bog down in a complication of hy- 
gienic problems, and our public health 
and sanitation systems might be seriously 
disrupted. 

In laboratories where bacteria in the 
military or civilian supply of water, milk, 
and food must be constantly checked to 
prevent wholesale contamination, agar is 
an irreplaceable bacteriological culture 


medium which, unfortunately, the United 
States has long depended on Japan to 
provide. 

When the Jap.s attacked Pearl Harbor, 
agar automatically became a scarce com- 
modity within the United Nations. Since 
a Japanese peasant three centuries ago 
accidentally discovered nature’s alchemy 
which mysteriously transformed gelidium, 
a small dark-red seaweed, into a jelly- 
like substance of gastronomic attraction, 
energetic Nippon had built a world mo- 
nopoly from the harvest at its shores. 

Amputation of the Japanese supply 
left us with an agar stockpile of about 
200,000 pounds — sufficient for only one 
year’s maintenance of healthful food, milk, 
and water standards. 

Thus agar came under the whiplash 
of the War Production Board, which is- 



Shoveling seoweed into woshing took 
for sooking to remove foreign matter 


sued a conseivation order “freezing” the 
material and prohibiting its employment 
anywhere except in bacteriological lab- 
oratories. Much of the 600,000 pounds 
imported annually by the United States 
had met a wider variety of consumer 
uses — for jelled desserts, as a stiffening 
medium in candy, ice cream, and pastries, 
as a coagulant for clearing beverages, as 
a sizing agent in cloth, for dental im- 
pressions, and in combination with laxa- 
tives and mineral oils to overcome con- 
stipation. 

As W.P.B. learned, science has never 
found a pinch-hitting ersatz for agar. It 
is the only substance known to have the 
peculiar properties needed in an effective 
bacteriological culture medium. Briefly, 
it withstands sterilizing temperatures of 
248 degrees, Fahrenheit, for 20 minutes, 
and cools into convenient gel form Un- 
like animal gelatin, which supports the 
growth of most kinds of bacteria, very 
few’ bacteria digest agar. On the other 
hand, it holds the peptone, beef extract, 
and similar nutrients introduced into it 
to keep the bacteria alive for laboratory 
analysis — a function discovered 70 years 
ago by Koch, the German bacteriologist. 

Japan became world supplier of this 
vital commodity, not because it had a 
corner on gelidium, the plant from which 
it is obtained, but because its labor costs 


Orphan Agar 

But Poorly Known to the General Public, Agar is 
One of the Nation's Most Critical War Materials 
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In Hinte lOOO^^allon outoclovts 
tlie weed is pressure -cooked six 
hours to dissolve out the ogor 

were low enough to wipe out competition 
from an American product. 

A small group of Americans neverthe- 
less maintained a spark of life in the ill- 
nourished industry. In San Diego, for two 
decades, companies have unsuccessfully 
tried to process agar out of gelidium in 
the face of Jap underselling. 

Hence, southern California, home of the 
motion pictures and a booming aircraft 
and shipyard industry, noW is serving 
also as agar storehouse for the Allies. 
San Diego is almost the geographical 
center of a great gelidium-bcaring re- 
gion, from Monterey 400 miles on the 
north to Cedros Island, off the coast of 
Lower California, 350 miles on the south. 

Colossus of United States agar manu- 
facturing today is American Agar and 
Giemical Company, which a few weeks 
after the outbreak of war began produc- 
ing in San Diego the precious material 
at a rate which has exceeded the 100,000 
pound per year mark — roughly half that 
used annually for bacteriological culture 
media. The urgency of increased output 
cannot be overemphasized. 

Curiously enough, American Agar and 
Chemical Company to a large extent owes 
its strong position to a generous source 
of supply in foreign waters. Much of its 
gelidium is harvested off the coast of 
Lower California, by Mexican divers 
operating from Punta Banda, near En- 
senada, south 300 miles to Cedros Island. 
The factor which established supremacy 
of Jap agar in American markets — rela- 
tive cheapness of labor — is once again 
being put to practice. 

The Agar Company of California, a 
Lot Angeles concern with a plant in near- 
by Orange, has launched diving opera- 
tions with an American crew at Newport 
Beach, swank resort. E. H. Lochridge, 
manager, estimates that the cost of raw 
materials obtained in Mexican waters is 
one half that of domestically procured 
gelidium. In recent months, American 
Agar and Chemical Company also has 
been harvesting gelidium off Newport 
Beach, but major reliance still is placed 
on the Mexican supply due to superior 
weather and water conditions, as well as 
cheaper labor. 
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Most important aspect of the agar prob- 
lem, availability of sufficient seawe^, is 
a potential bottl^ede which the United 
States Pish and Wildlife Service and the 
Scripps Institution of Oceanography, at 
La Jolla, California, a division of the 
University of California, are attempting 
to shatter. Marine biological stations and 
marine botanists have been enlisted in a 
study to determine the abundance of vari- 
ous types of red algae, and their agar 
assay, on all our coasts, as well as the 
Hawaiian Islands, and Caribbean waters 
off Puerto Rico and Cuba. Simultane- 
ously, experiments on improved methods 
of extraction have been under way at 
such research centers as the Scripps In- 
stitution, the Marine Laboratory of Duke 
University, Beaufort, North Carolina, 
and the United States Fish and Wildlife 
Service at a laboratory at Bethesda, 
Maryland 

Of more than 6000 marine algae, about 
30 yield agar, but only eight or ten 
species are extensively used. Gelidium 
eartilagenium, the most common agarifer- 
ous weed off the California and Lower 
California coasts, is an habitu^ of rocky 
shorelines, clinging in maroon-colored, 
bushy masses to the tops of rocks lying in 
water from low tide to about ^ feet 
depth. Vacationists have collected small 
sprays of it on California beaches without 
realizing the lofty place this seawce<l oc- 
cupies in the scientific world. 

Harvesting gelidium is ‘ strictly hand 
work. Tfie weed grows, tuft-like, seldom 
more than one to two feet from the rock 
It must be located at close quarters by 
the diver as he walks along the ocean 
floor, gathering it by hand into a twine 
basket. Turbulence of the current, an es- 
sential environmental condition for growth 
of gelidium, further precludes use of 
machinery for harvesting. Sluggish, 
brackish waters which allow sediment to 
form on the rocks arc shunned by the 
temperamental weed. 

A gelidium diver, struggling against 
the surging, swirling inshore current, can 
be no weakling. He must keep himself in 
trim physical condition to endure the 
strain of searching for the red algae. The 
industrious, wiry Japs were ideal for the 
task. 

For almost 300 years, agar has been 
produced in much the same manner by 
Japan. In the summer, the seaweeds are 
gathered in Japanese waters and bleached 
on the beaches. Baled like hay, the gelidi- 
um is transported to Japan’s high moun- 
tains, where the winter months arc de- 
voted to extraction of the agar in crude 
equipment operated by many family units. 

After the weeds arc boiled for ten 
hours, the fluid is filtered and allowed to 
congeal indoors until it has reached the 
consistency of soft gelatin, when it is cut 
into strips or square shapes. These arc 
placed outside on cold nights, and freez- 
ing transforms the jelly from a uniform 
structure to one consisting of filmy cells 
like that of a beehive. When this is ex- 
posed to the sun, the ice crystals melt 
away, leaving spaghetti-like shreds of 
trifling weight. In this form, the agar was 
exported by the Japs, and converted into 
a jelly merely by placing in a hot water 
solution. 


The manufacturing process in this 
country, except for mechanical improve- 
ments, is essentially the same, The sea- 
weed is gathered, dried, baled, and 
shipped to the factory, where it is shov- 
eled into a washing tank and cleaned. 
Next it goes into 1000-gallon pressure 
cookers and is cooked for six hours. This 
dissolves out the agar content of the 
weed to form an agariferous liquor. 
This liquor is clarified, filtered, and al- 
lowed to congeal. Then it is ground into 
small particles, shaped into 100-pound 
blocks, and frozen and in that state it 
is re-ground. After thawing, it is re- 
washed, chemically treated and dried, 
ready for shipment and use. 

Artificial refrigeration, of course, is 
employed in balmy Southern California, 
and the finished product is flaky, instead 
of stringy. A greater degree of purity is 
claimed for the domestic agar. 

Dr. Marston C. Sargent, of the Scripps 
Institution, who spent much of 1942 ex- 
perimenting with methods of obtaining 
agar from various typc.s of marine algae 
found off La Jolla, claims that ‘^any en- 
terprising person can make agar out of 
a surprising variety of seaweeds, using a 
washtub, a stove, and (in warm weather) 
a mechanical refrigerator.” 

“Experience in China, New Zealand, 
Australia, and Russia,” continues Dr, 
Sargent, “has shown that beachcombers 
and even school children who have been 
taught what to look for can gather 



Introducing 100-pound block of fro- 
zen ogor gel into o chopper which 
grinds the gel to smoll portkles 


enough valuable red seaweed to form an 
appreciable addition to their country’s re- 
sources and at the same time earn some- 
thing ranging from pocket money to a 
good day’s pay. 

“The fact that, as late as 1929, 300,000 
pounds of dried porphyra, a seaweed used 
as food in China, was collected each year 
in California by men, women, and chil- 
dren, shows the possibilities of this kind 
of work.” 

Dr. Sargent and an associate, Dr. Rob- 
ert Tschudy, have produced jellies, on a 
small scale, which showed three times the 
geling strength of the present commercial 
output from weeds found off the Insti- 
tution’s shores. Thus, 0»S percent of their 
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agar in solution provided the same gcling 
potency, for use in bacteriological media, 
as 1.5 percent solution of the material now 
used. 

Still more significantly, they demon- 
strated that, besides gelidiums, many other 
weeds plentiful in the inter-tidal zone are 
agar producers. Whether these can be em- 
ployed on a commercial scale remains to 
be determined. 

If the United States is to supply agar 
to its allies for the duration, it has to 
contend with some truly staggering 
figures. 

The agar requirement of Russia alone, 
in 1937, was 1,000,000 pounds, compared 
with the 100,000 pounds a year produc- 
tion at Odessa, Archangel, and Vladi- 
vostok. China’s needs have run over 350.- 
000 pounds annually, but the loss of its 
coastal regions has smashed its agar in- 
dustry, which produced 150,000 pounds in 
1936. England has no agar production, 
and only a very small industry exists on 
the island continent of Australia and New 
Zealand. 

Evidently anticipating a pinch, Ger- 
many imported huge quantities of agar 
from Japan, and is believed to have a 
stock pile of approximately 2,000,000 
pounds. "Japan’s pr(^uction rate has l^en 
as high as 6,000,000 pounds, or 3000 tons, 
a year. 

Thus, Nippon alone need not fear a 
wartime crippling of her public and mili- 
tary sanitation systems through lack of 
agar. 


FINEST WIND TUNNEL 
Will Providt YtlooNlM Close 
to Spood of Soond 

The most advanced wind-tunnel in the 
world is nearing completion. The labora- 
tory buildings for the $2,100,000 Southern 
California Co-operative Wind Tunnel are 
now completed and the construction of the 
steel tunnel itself is well under way. 

Soon the tunnel will be ready to serve 
as the world’s most advanced testing 
ground for the developments now making 
American airplane performance set new 
records in speed, altitude, armament, and 
maneuverability. 

The tunnel, financed by Consolidated, 
Douglas, Lockheed, and North American 
— all Aircraft War Production Council 
members — is being constructed and will 
be operated under the supervision of Dr. 
Clark B. Millikan, by the California In- 
stitute of Technology. An identical twin 
tunnel, in the east — ^at Buffalo, New York 
— ^is being constructed under the super- 
vision of Dr. Norton B. Moore, of Cur- 
, tiss- Wright. 

Design of both tunnels was in process 
for many months, under the general di- 
rection of Drs. Millikan and Moore. 
Collaborating were engineers of the four 
southern California companies, Caltech, 
and Curtiss-Wright 

Importance of the wind tunnel in the 
development of better aircraft lies in the 
fact that much of a new plane’s flying 


(lata (probable top speed, landing speed, 
rate of climb, stability, controlability, 
number of required take-off feet) can be 
accurately determined in the wind tunnel 
before the proposed plane is built. 

Aircraft manufacture! s expect to build 
planes in the next few years that will have 
diving speeds exceeding 9/10 the speed 
of sound (approximately 741 miles per 
hour). Airplanes of the future may be 
designed to dive at a rate of more than 
700 miles an hour. The new tunnel will be 
equipped to test at such speeds. Most 
existing tunnels have a maximum testing 
speed far less than this, and only a few 
are capable of testing at speeds exceeding 
500 miles an hour. In the development 
of high performance military aircraft, 
problems requiring immediate wind tunnel 
testing almost always occur in the design 
phase and particularly during the flight 
test period when immediate access to a 
wind tunnel is of vital importance. 

Wind tunnels operate on the principal 
of the Venturi tube, which was devised in 
1800 by Giovanni Venturi, an Italian 
physicist, for measuring the flow of water 
through a pipe. 

Substituting wind for water, air is 
moved by a huge propeller in a section of 
large diameter. From there it is blown 
into a much smaller section, the ’’throat” 
When the wind in the large section of 
the tunnel reaches the ’’throat” it gains 
in speed. 

By placing un exact scale model of an 
airplane in the ’’throat,” tests can be made 


AUGUST 1943 • SCIENTIFIC AMERICAN 


75 



which will show what the actual plane 
will do when it is in the air at similar 
speeds. Reactions of the model (placed 
on supports resting on highly sensitive 
balances) arc measured mechanically, 
electrically, or hydraulically. Readings 
are taken for every attitude of the model 
in the tunnel and the recorded informa- 
tion is immediately plotted on a graph. 
Engineers arc then able to list accurate 
flying characteristics of the future air- 
plane. 

ELEGTRIOAL PROTECTION 
Radam Upkaap Oast 
af Pipa Linas 

P lONEEK Work on electrical protection 
of pipe lines is today helping save steel 
for battleships and bombs. So severe is 
the corrosive action of salt water on the 
steel in a net-work of lines near Port 



Pipe-line tronsformer and rectifier 


Arthur, Texas, that the stretch of swamp- 
land has become known to Gulf engineers 
as “Hell’s Half Acre.” The actual dis- 
stance between the refinery and tank 
farm is only 2^ miles, but there are 
over 19 miles of pipe lines between the 
two points, including five 10-inch lines 
and three 8-inch lines. It was costing the 
company $15,000 a year to maintain these 
lines. This was before 1935. 

In 1937, at a cost of $17,000, the in- 
stallation of electrical protection to the 
pipes in this corrosive salt marsh was 
made. Since then the frequency of rust 
holes has been reduced to practically nil. 
Maintenance costs have been reduced 
about $10,000 per year. The only direct 
charge per month is $50 for purdiased 
power. 

Electrical protection of pipes is at pres- 
ent restricted to the pipe exterior. A 
typical circuit involves the use of a 
source of direct current such as a motor- 
generator, wind-driven D.c. generator, or 
rectifier. The positive pole of the direct- 
current source is connected to a ground 
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bed buried in the earth between 100 and 
500 feet from the pipe. The current flows 
from this ground bed through the earth 
to the pipe to be protected. The current 
is picked up by the pipe and flows along 
it to the negative terminal of the direct 
current source, thus completing the cir- 
cuit. The ground bed is usually composed 
of either junk steel or graphite sur- 
rounded by coke. 

Corrosion of steel pipe occurs because 
of differences in electrical potential on 
the pipe face. It has been found that 
when the electrical current flows to the 
pipe from the remote anode, it flows first 
to the areas having tlie lowest potential. 
The hydrogen evolved raises the potential 
of these cathodic areas to the level of the 
anodic areas and thus, by eliminating the 
potential differences, corrosion ceases. 

This installation by the Gulf Oil 
Company, and others, have definitely 
proved the worth of electrical protection 
to the oil and gas pipe-line industry. The 
result is that much lighter pipe, usually 
coated with enamel and wrapped with as- 
bestos, is now used, saving tons of vital 
war-needed steel annually. 

• • • 

PLATING— Landing geor struts for militory 

airplanes are chromium ploted twice os 
fast by using o tube of 'Xucite'' methyl 

methocrylote resin to protect the strut's 

threaded end during plating. 

» 

• • • 

WARM INSOLES 
New Design for Use In 
Gold Regions 

Recent research into the foot comfort 
of military forces in the Arctic regions 
of Canada, Alaska, and Greenland, has 
led to the design of a new “ventile” wool 
felt insole which incorporates several im- 
portant innovations This insulating in- 
sole has been made to meet the difficulties 
encountered in various types of footwear 
tested by hunters and trappers who have 
lived in the Far North for years, as well 
as Antarctic explorers. Army Engineers 
Corps, salvage parties, patrols, airplane 
pilots, and others of the armed forces. 
The name “ventile” (generic; not trade) 
was coined by members of a recent expe- 
dition to express the ability of a bodily 
covering to ventilate by “breathing.” 
This important property permits moisture^ 
from perspiration to be exhaled, whereas 
non-porous coverings retain moisture, 
w hich forms ice and becomes an important 



Ventiloted, hinged, worm 


source of discomfort and danger. This is 
true even when extraordinary precautions 
are taken to prevent the conduction of 
heat away from the body. 

The new ventile insole differs from the 
usual type in that it consists of two layers 
of wool felt totaling one half inch in 
thickness; these are hinged at one side 
by a stitched .seam This scam runs for 
about five inches along the outer edge of 
the instep and permits the upper and 
lower layers to “work” under the inter- 
mittant pressures of walking. 

Both layers are also perforated, having 
approximately one hundred holes of 
an inch in diameter spaced H to of an 
inch apart. This construction has been 
tested for both ease and warmth, with 
highly promising results on both counts. 

The type of wool employed in the felt 
for these insoles is selected for its ten- 
dency to loft itself when released from 
pressure, instead of matting down and 
losing the springy support. It is anti- 
septic and fungus-proof and will not 
stretch when washed, if properly handled. 

FISH SCREEN 

Eltctrically Opsrattd, Kaaps 
Fish Within Rounds 

Replacino more bulky and less satis- 
factory mechanical fish screens, a new 
electrical device has been developed which 
will fence off sections of a stream, the 
outlet of a lake, or the entrance to irri- 
gating systems so that fish cannot pass, 
yet logs, sticks, leaves, and other debris 
will flow down stream. The screening is 
achieved through the use of an electric 
current which is sufficiently powerful to 
keep fish away from the electrode, yet 
will not stun or kill them The current is 
furnished by an electronic impuKsc gen- 
erator collected to electrodes which swing 
freely in the w'ater. 


An flectric fish 
screen instolled at 
one of Hie outlets 
of 0 Colifornio 
lake. The hanging 
electrodes cleor 
the loke bed 
by about three inches 
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Wanted: more executives! 

To help win the war! ... and the peace to Mow! 


Every great crisis produces new leaders. This war is 
no exception. It has created as great a crisis for busi- 
ness as for our nation^ and new leaders are rising to 
the top every day. 

Right now» companies are searching high and low 
for men of executive ability and training to manage 
the different departments in new and expanded plants. 
The war and its demands for production, and more 
production, has thinned the ranks of executives to the 
danger point. The country needs men of executive 
ability just as it needs produaion workers and men 
for the armed forces. 

Where will it find them? Ordinarily there would be 
enough ''officer material’* right in the ranks . • . men 
who had been learning by experience, slowly but 
steadily advancing in the companies which employed 
them. That is one way of doing it— the hard way, the 
slow way. But now time is pressing. Such men are 
needed not two years from now, but today and to* 



motrow! Where will they come from? Those men will 
have to be trained, and the smart ones will train them* 
selves***nowl 

How can they do that? Through the Alexander 
Hamilton Institute’s intensive Course of Executive 
Training. 

This executive training, which is described in a book 
caUed "FORGING AHEAD IN BUSINESS,** can help 
you to accomplish in months what would otherwise 
take years— if you could get it at all. It is valuable to 
men in different lines of business because it covers the 
fundamentals of all business— production, marketing, 
finance and accounting. It is equally effective for the 
college graduate or the business man who only finished 
grammar school. 

More than 400,000 men have enrolled for this train- 


ing and every day reports come in of their promotions, 
salary increases, new and better positions. Many of 
these men have become so famous that you will recog- 



nize their names instantly when you see them in this 
booklet. 

Send for ^TORGING AHEAD IN BUSINESS'' 

The facts about this executive training are given in the 
book "FORGING AHEAD IN BUSINESS." This 64- 
page book has inspired thousands of men. Many say 
it started them on the road to real business success. 

A word of warning. If you are not interested in 
executive training, don’t send for this book. But if you 
are interested in this way to better your position and 
increase your earning power, then we want you to 
have a copy of "FORGING AHEAD IN BUSINESS’* 
with our compliments. Simply fill in and mail the cou- 
pon, and the book will reach you by return mail. 

I SEND FOR THIS FAMOUS BOOK TODAY 

Alexander Hamilton Institute, Inc 
73 West 23rd Street, New York, N. Y. 

Please mail me without cost a copy of 
the 64.pagebook-**FORGING AHEAD 
IN BUSINESS.’’ 

1 Name 

S Business Address 


Position 

Home Address 
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Conservation possibilities* using the 
Bprkcy electric fish screen, include confin- 
ing fish to certain areas; diversion of 
up-stream migrants to fish ladders or 
counting devices; segregating sizes and 
species in hatcheries; protecting bathers 
by a harmless electrified zone which will 
effectively keep away sharks, barracuda, 
and other dangerous fish life; and the 
solution to other problems which con- 
stantly arise in connection with fish cul- 
ture and control. 

CORROSION BATTLi 
Btliif WagMl Witb 
EltetTMle DHfrtction Oamari 

^^RMED with a vacuum tube ‘‘machine 
gun” that shoots billions of electronic 
bullets a second, a Pittsburgh research 
chemist is making a new scientific attack 
on rust and corrosion. With this new 
weapon — an electronic diffraction camera 
—Dr Earl A, Gulbranscn of the West- 
inghouse Research Laboratories, is inves- 
tigating the atomic structure of coatings 
that “grow*’ on steel, aluminum, and cop- 
per when these metals are exposed to air 
or corrosive chemicals. 

Dr. Gulbranscn is shown in our cover 
illustration at his new form of “target 
practice” which is pointing the way 
toward longer-wearing bearings and cyl- 
inders for airplane and automobile en- 
gines, better tin plate in which the tin will 
cling more tightly to the steel underneath, 
and cheaper methods of making stainless 
steel. 

“Just as some types of bacteria arc 
beneficial to human beings,” Dr. Gulbran- 
sen says, “some of these oxide coatings 
protect the metal underneath them. 
Others, of course, like rust, arc harmful. 
With this electronic camera, we arc test- 
ing new theories as to how these coatings 
are formed.” 

Electrons are shot down through the 
three-foot-long vacuum tube and bounced 
off a highly polished button of metal on 
which an oxide coating is being built up. 
The electrons ricochet off the faces of 
the block-like molecules that form the 
coating and continue downw^ard at an 
angle to strike a strip of photographic 
film. 

The electrons trace on the film a pat- 
tern of black and white semi-circles which 
api>ears wheti the strip is removed from 
the camera and developed. This design 
is formed by the electrons bouncing off 
the different faces of the molecules in the 
coating. 

The ix)lished metal buttons which Dr. 
Gulbranscn uses as targets are inserted 
six at a time in a magazine which fits into 
the side of the vacuum tube^^ By revolving 
the magazine he can bring any one of the 
buttons ^to the field of electronic fire. 
Electric resistance wires in the magazine 
heat the buttons to accelerate the forma- 
tion of coatings. Dr. Gulbransen can also 
speed up the growth of the oxide coating 
by turning valves to admit measured 
amounts of oxygen into the tube. Another 
valve pours ejeansing hydrogen into the 
tube. This gas combines with the oxygen 
in a coating and forms water vapor which 


is pumped out of the tube before a series 
of experiments is started. 

Just as a pinch of salt can improve a 
recipe, small amounts of alloy metal can 
alter the nature of the coating formed on 
a piston ring, cylinder wall, or motor 
bearing. Dr. Gulbransen explains. Iron, 
for example, acquires an “overcoat” of 
rough iron oxide when exposed to air but 
when one percent of chrome is added to 
the iron the coating formed is chromium 
oxide, a thin, protective layer that hinders 
the oxidation of the metal. 

“There are two factors involved in the 
growth of these coatings,” Dr. Gulbran- 
sen says. “One is energy. Metal ions, 
atoms which have lost some of their sur- 
rounding electrons, require a certain 
amount of energy to travel through the 
oxide layer to combine with oxygen 
atoms. Free electrons making this same 
trip also need energy. Sometimes, travel 
is in the opposite direction, with oxygen 
ions moving inward to build up the oxide 
on the surface of the metal. When we 
heat the metal, we give these particles 
more energy, they make the trip more 
easily, and the coating builds up more 
quickly. 

“The second factor is entropy — which 
means chance or opportunity. Even when 
ions and electrons have the energy neces- 
sary to go over the ‘hill’ between metal 
and air, many never complete the trip. 
They fail to find the proper path and fall 
back aown the hill, thus slowing up the 
rate of rust or corrosion.^ 

NYLON IN TIRES 
Giving Good Sarvlet 
Undar Severe Oonditinne 

Bomber tires, containing strong sinews 
of nylon beneath their rubber surface, 
have given a good account of themselves 
in a year of action in the Pacific War 



Witii fouek ond supple nylon sinews 


Zone. Placed on planes of a type giving 
the greatest tire trouble, the performance 
has been eminently satisfactory. 

The tires have been subjected to pun- 
ishment beyond anything in the expe- 
rience of civilian motorists. The huge 
ships, sometimes weighing 25 tons or 


more, hit the ground at high speed, 100 
miles an hour or more, on front line 
fields, necessarily small and requiring 
quick stops. With the landing brakes 
jammed on, the tread portion of the tire 
carcass actually buckles and folds back 
on itself. A tire must be tough to stand 
this torture. Nylon tires have demon- 
strated they “can take it.” 

Although nylon tires still are in an 
experimental stage, with some problems 
remaining to be solved, scientists engaged 
in the work assert they meet the most 
severe form of the standard bruise test 
without breaking. This test, made in a 
tire manufacturer’s laboratory, involves 
pushing a blunt cone-shaped plunger down 
upon the tread of an inflated tire until 
the tire bursts. When this test was applied 
to 9.00 inch tires made of the strongest 
material in commercial use, they burst 
when the plunger had sunk six inches. 
Applied to 9.00 inch nylon tires, inflated 
to the same pressure, the plunger forced 
the inside of the tread clear to the rim 
without breaking the tire; and when the 
plunger was withdrawn the tire sprang 
back into shape, without a sign of injury. 

RADAR 

Baekgrovnd of fho War’s 
Graatast DavalapMaat 

The recent lifting of certain Army- 
Navy restrictions pertaining to radar 
has been like the turning of the page of 
a magic story book. Now is revealed the 
part played by the Ameiican radio in- 
dustry functioning in co-operation with 
the United States Navy and Army Signal 
Corps in the development of the revolu- 
tionary wartime science of detecting and 
ranging by radio. As an epic story of 
American teamwork between scientists 
and military-naval men, radar is an out- 
standing illustration. 

Basic research work on apparatus and 
techniques for the locating of ships and 
planes by radio was instituted by the 
Radio Corporation of America as early 
as 1932, when experimental equipment 
was constructed. Apparatus completed 
in 1934 was used for a series of co- 
operative reflection tests with the Signal 
Corps. Immediately, the Army indicated 
an interest in the possibilities of develop- 
ing apparatus for detection of aircraft 
and ships. 

Encouraged by this response, RCA 
continued tests to determine what per- 
formance toward this end might be ex- 
pected. With further development and 
improvement, the early apparatus* indi- 
cated possibilities of much better per- 
formance than the sound locators then in 
use. By demonstrations and discussions, 
the Army and Navy were kept in touch 
with the RCA research. In view of 
military applications, no publicity was 
given to this development 

During 1937, operating equipment was 
completed and tested, indicating the dis- 
tance and position of reflecting objects, 
in much the same form as is now used in 
a large part of modern radar equipment 
These developments had so grown in 
importance tb the military services dur-< 
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ing 1937 that RCA was requested to put 
all of this work on a secret basis. As 
early as this date RCA is reported to 
have delivered experimental radar ap- 
paratus to the Signal Corps for aircraft 
location tests. Westinghouse and RCA 
produced for the Signal Corps portions 
of its first radar apparatus, such as was 
in operation at Pearl Harbor, on Decem- 
ber 7, 1941. It is a matter of record how 
radar warned of the approach of Japa- 
nese planes on tliat fateful morning, but 
the operator's report went unheeded 
since his superior officer, knowing that 
a number of American planes were due 
from the mainland, believed that the 
radar had spotted them, and therefore 
took no action. 

Like many inventions in radio, radar 
is attributed to no lone inventor. Since 
it draws upon many radio devices and 
circuits, various men of science have con- 
tributed to its development. Neverthe- 
less, there are a number of radio men 
whose work has been directly concerned 
with putting it together and with the 
development of components that made 
it practical. The basic research of Com- 
mander A. Hoyt Taylor and Leo C. 
Young, of the United States Naval Air- 
craft Radio Laboratory, and Dr. John H. 
Dellinger of the Bureau of Standards, 
in studying the Heaviside surface and 
radio echoes, added much knowledge that 
helped to open the way to radar. Prom- 
inent also has been the work of Dr. i 
Irving Wolff, whose early experiments 
with radio reflection soon led into radar 
principles. He has been intimately asso- 
ciated with radar research work, while 
a staff of research workers have been 
under his direct supervision. 

During 1937, it is claimed that West- 
inghouse developed the key electronics 
tube for the first United States Army 
radar equipment for detecting enemy air- 
craft by means of invisible beams of 
radio waves. 

Supplementing its present mass pro- 
duction of radar equipment, work on ap- 
paratus to “beamcast” radio waves is 
being conducted in the Westinghouse 
laboratories by a staff of specially re- 
cruited physicists and engineers in co- 
operation with the National Defense 
Research Committee, the United States 
Naval Research Laboratory, and the 
United States Army Signal Corps. 

This research work is a continuation 
of studies begun nearly 10 years ago when 
Ilia E. Mouromtseff observed that radio 
transmission was being interfered with 
by highway traffic. Every time an auto- 
mobile passed along the highway between 
the two buildings where the work was 
being carried on, the radio signals re- 
bounded. 

In September, 1940, it was radar 
equipment, utilizing the rebounding effect, 
which enabled the outnumbered Royal 
Air Force to turn back Adolf Hitler s 
previously invincible Luftwaffe, accord- 
ing to Lord Beaverbrook. It was also 
radar units, installed in British ^ fighter 
planes, which provided, at least in 
their defense against night bombers by 
enabling them to locate and intercept the 
enemy in the dark. The British called 
their device the radiolocator. The 


ican name for the new system is radar, 
an abbreviation of “Radio-Detection-and 
Ranging." 

Radar beams, traveling at the .speed 
of light, can be aimed at definite, prede- 
termined places instead of fanning out 
in all directions as do the radio waves 
transmitted in the ordinary commercial 
liroadcast. 

Radar’s advantages over the outimided 
acoustic detectors, whose large listening 
horns were once familiar sights in news 
reels, are speed and range. Sound, picked 
up by an accoustic detector, travels at 
around 700 miles an hour, only alx)ut 
twice the speed of a fast bomber. But 
short waves carry the warning of ap- 


proaching planes with the speed of light 
—186,000 miles a second. And they do 
this highly important war-time job over 
much greater striking distances. 

Radio waves, on striking an obstacle, 
are reflected somewhat as sound waves 
are reflected to make an echo. The short- 
er the wave the clearer the echo or re- 
flections ; hence short waves are most 
successfully employed in radio-locators 
because their reflection is sharper. 

A peacetime application of the echo 
principle is the absolute altimeter, an 
airplane safety device using short-wave 
transmitters and receivers. The trans- 
mitter sends earthward very short waves 
which are reflected into the air after 



Fails to answer 
across her bow, 
the harbor pro- 
more drastic 
aaion. Such decisions must be based on 
clear, sharp images unmistakable of the 
incoming ship. That’s why these men use 
Bausch Sl Lomb Binoculars— the finest 
“eyes'* provided to any of the world’s 
fighting forces. 

Because this is only one of thousands of 
situations where binoculars can best 
deliver the facts, the tremendously in- 
creased production of Bausch & Lomb 
Binoculars cannot fill all the needs. The 
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will take 


Navy urges every owner of a 6x30 or 
7x50 Bausch & Lomb Binocular to turn 
his glass over to the Naval Observatory, 
Washington, D. C., for aaive war duty. 
Ship it, carefully packed, with your name 
and address on a tag attached to the glass. 
Do it today — the Navy needs this fine 
precision instrument now. 
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IMMIDIATI OILIVERY 

LATltT TYPK INDUSTRIAL A LABORATORY RQUinNKNT 
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Inlet 

OuUet 

Price 

A. C. motor 


No. 1 CsntrlfugB) 



5 5.55 

195.55 


No. 4 



(k* 

19.55 

19.55 


No. 9 

** 


I • 

15.55 

$5.55 

No. 

Oesr 

Price t 9.0# 

With AC. motor 

$95.55 

No. 

2 

«• 

lt.M 



91.55 

No. 

3 

A7m •* 

11.15 



95.55 

tfo. 

4 

It# ** 

19.59 



99.55 

No. 

1 

** 

15.55 



91.55 

No. 

9 

1 " 

15.55 



49.55 

No. 

11 

IV 4 ' “ 

45.55 



OB reqoest 


SynohrMM* Motors 

New Bmerson lOOth H.P , »00 R.P.M. 110 volt 
so cycle hollow 25/32 shaft vertical or horiaonUl 
mount, no base. Has many applications ... 11.50 


IMMERSION HEATERS 

Ideal for heating a small amount of fluid in- 
stantly Complete with approved cord ^ plug. 
Will flt any drinking glass Will not contaminate 
water. 

500 watt 110 volt 11.50 

Limited Amount. Oen. Elec. A Cutler- 
Hammer (fits iVs”' pipe thread). 1200 
watts. 110 or 220 v three heat.. .. $10.50 


TAO" TIMFESATURE REtOROERS 

ThOM recordinf 
thS’r mom e tors 
have a 60 In. long 
capillary bulb for 
remote recording. 
Accurately re- 
oorde temperature 
for each 24 hours. 


Temp. Range 0*— 60*F S1S.6S 


WESTINQHOUSE MOTORS 

A.C. 700 RPM 1/200 HP CapaclUior type 
motor, niu. of motoi 2% «n , shaft, % in, 
Weight 18 OB. Capacitator separate, 
Reversible motor. 

SS.S0 


MAONETIO QAS, Oft, WATER YALYRS 

All sites in sleek; Prices on request. 



Ideal spraying outfit for all liquids such as paints, 
enamels, etc Can also be used for cleaning, tire 
inflating, and general purposes Equipped with 
General Electric HP a c motoi Qulnoy air 
compressor, adjustable safety valve, and 100 lb 
air gauge A heavy duty Plummer spray gun with 

^5^ feet of hose Weighs only 60 lbs $45,00 
Complete and ready for operation. 


IXHAUST FANS, BUOERT BUDRS 
ointral RImIiIc A.ew HR volt moton 


PrloritlM required. 



R.P.M. 

CU. It. 
per min. 

Price 

9* 

1860 

660 

919.88 

10' 

1600 

660 

13.60 

12' 

1760 

500 

18.88 

15' 

1750 

1800 

91.08 

15' 

1140 

1860 

97.55 

15* 

1760 

2500 

99.55 

15' 

1140 

2100 

39.55 

lO* 

1140 

2800 

35.55 

24' 

1140 

4000 

49.55 

24' 

860 

3800 

45.55 




HEAVY DUTY TWIN 
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty 
H.P. motor, air tank (300 lbs. test— 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1.7 cu. ft per min. 

Models D H 6 ye 

12*^ X 24" tank A.C. 110 or 220 v. 60 cycle 

$57.50 

16" X 30" tank A.C. 110 or 220 v. 60 cycle 

$64.50 


Large stock of air compressors, 'A H.P. to 20 
H.P. A.C. and O.C., all voltagts, 1 to 120 
C.F.M. displacement, built for all requirements. 
Additional data on request. 


FOROEO DRAFT RLOWERS COMPLETE WITH MOTOR 

TYPE H.P. 


0 


..P.lf. 

OU. FT. MIN. 

INLET 

OUTLET 

PRICE 

1750 

180 

4Jk' 


199.88 

1760 

360 

oS' 

3%' 

95.88 

1760 

636 

a ' 

4?{' 

9f.M 

1760 

560 

7U' 

8 ' 

97.88 

1760 

1900 

9tf' 

7 ' 

75.88 


1/20 

i 



PIONEER AIR 

120.* CHAlittlRa ST. 


COMPRESSOR CO., Inc. 

NSW YORK CITY, R* Y. 
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Striking the ground. The receiver picks 
up the reflected waves and actuates in- 
struments on the panel board of the 
plane to tell the pilot how far above 
the earth he Is flying. 

Radar functions as an absolute alti- 
meter in reverse. The transmitter sends 
its waves from the earth into the clouds 
to probe the sky like an invisible beam 
of a searchlight. On striking the surface 
of an enemy plane, the beam is reflected 
earthward, where it is picked up by a 
radar receiver. These devices accurately 
indicate not only the position but also 
the distance of the approaching plane. 

SPRAY GUN 
For Insocts, Hot 
Plittio Parts 

NA/ HENEVKR a manufacturer of a con- 
sumer product is forced to find a war- 
time substitute for critical metals, the 
consumer is usually the gainer. A recent 
case is the insecticide gun shown in the 
accompanying illustration. If you arc 
used to the old tin and brass kind, yon 
will be pleasantly surprised when yon 



No metol ports to corrode 


bring home one of the newest wartime 
models. It is lighter, easier to manipulate 
It has a squat, broad-based bottle which 
will not tip over easily. It has no metal 
parts to rust or corrode. 

Standard Container, Inc., in collabora- 
tion with Universal Plastics Corporation, 
developed the new gun. They replaced 
the old tin barrel with a spiral -wound 
paper barrel , . . the steel plunger with 
one of wood and leatlicr. To connect the 
barrel and the glass bottle, they used 
molded black cellulose acetate parts. Even 
the 1 /16-inch dispensing tube is made 
of this plastic material. 

WEED KILLER 
Ptrmantiitly Eradicates 
Certain Pests 

Poison ivy and many other noxious 
weeds can be killed easily with a spray 
solution of ammonium sulfamate (not sul- 
fate), a non-poisonous herbicide which is 
free from fire hazard and sterilizes the 
soil for a brief period only. Properly 
sprayed, weeds are eradicated permanent- 

ly. 

The base of the chemical is sulfamic 
acid, intnxluced by Du Font’s Grassdli 
Chemicals Department as a new industrial 
chemical less than two years ago. Since 
then the acid and its salts have been de- 
voted wholly to war uses, but improved 
manufacturing “know-how” now permits 
release of substantial quantities for 
herbicidahpurposes. Supplies are available 
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for applications around farms, factories, 
orchards, and military establishments and 
wherever an ivy poisoning hazard exists 
that may cause lost-time of essential 
labor. 

Weeds killed by spraying with am- 
monium sulfamate include poison oak, 
chokecherry, wild black berries, Russian, 
Canada, and sow thistles. Weed destruc- 
tion is achieved by absorption of the 
chemical into the foliage and thence down 
to the roots. It has permanent effect on 
many hardy, deep-rooted perennials here- 
tofore difficult to eradicate. The weed 
killer is non-toxic to animal life when the 
iccommended dilutions are observed. 

Poison ivy and oak are particularly ob- 
noxious in orchards in some sections, pre- 
senting a serious hazard in the care and 
harvesting of crops. Field experiments 
demonstrate that ammonium sulfamate 
spray causes no damage if it falls on 
tree trunks. It should be kept from fruit 
tree leaves, however. 

WHITE TRAFFIC LINES 
Mada Parmanant by Uaa 
of Whita Conorata 

niTE-suRFACLu pfc-cast concrete 
hlcKks are being used in several London 
boroughs for marking traffic lines. The 
blocks are 9 or 12 inches long by 4^ 
inches wide, and are generally 3 inches 
deep. Flat-surfaced blocks may be used, 
but a rounded or chamfered surface as- 
sists visibility; on a block Ayi inches wide 
a %-inch chamfer is enough to improve 
visibility without being dangerous to cy- 
clists . — Highway Research Abstracts, 

AMINO ACIDS 

Soma Essantialf Soma Not, 

To Human Baings 

How human “guinea pigs” arc foi the 
first time revealing the body’s needs for 
amino acids — little-known food elements 
essential for life and as imiiortant as vita- 
mins — was told recently at a meeting at 
the Nutrition Foundation by Prof. Wil- 
liam C. Rose, biochemist and acting head 
of the University of Illinois chemistry 
department, who has studied amino acids 
for 20 years and is an international 
authority in that field. 

The human guinea pigs proved that 
the 12 amino acids not e.sscntial to ani- 
mals were found likewise non-essential 
to humans. Eight of the amino acids es- 
sential to animals have proved likewise 
essential in human diets. One amino acid, 
histidine, which is essential to other mam- 
mals, has been found not essential for 
nitrogen balance in humans. One acid 
essential to animals remains to be tested 

• • • 

^READERS dtsiring further informotion on 
^\new products, or reseorch cind develop- 
ment work reported in these poges will be 
referred to manufacturers or odditionol 
sources upon request. Address our Research 
Department, giving specific references, in- 
cluding date of issue ond poge number. — 
The Ed/for. 


to determine whether it is essential in 
human diets 

All previous experiments with amino 
acids involved animals. It was with ani- 
mal subjects that Professor Rose in 1935 
discovered the tenth amino acid essential 
for their normal growth, named by him 
threonine. 

.Amino acids are the components of 
proteins, the principal food constituents 
of meats, milk, and eggs. Threonine 
brought to 22 the known number of amino 
acids, and to 10 the number proved to 
be essential for normal growth of mam- 
mals other than humans. 

For the past eight months the amino 
acid needs of humans have been studied 
at the University of Illinois by feeding 
synthetic diets to 12 male graduate stu- 
dents selected from a large number of 
volunteers. Each of the men continued 
on the diet for from one month to six 
weeks at a time. 

1’hcy eat meals that are substantial 
though monotonous Special crackers con- 


tain most of the food elements other than 
protein. The crackers arc spread with 
purified butter to provide fat. In place 
of proteins the men drink solutions of 
amino acids in distilled water flavored 
with lemon juice. They also take cod-liver 
oil and vitamin pills. 

7'his diet contains all food elements in 
proper proportions to maintain weight 
and the nitrogen balances of the body. 
After a week or more to check and 
stabilize the diet, one amino acid is 
omitted for several days while the effect 
on weight and nitrogen balance is noted. 
Then it i<i replaced to check the return 
to normal conditions. 

PERMANENT ANTISEPTIC 
Has Uttf in Tsxtilas, Packaging. 

Industrial Procassas 

C5im)rlkss, tasteless, colorless, are the 
sensory characteristics of a newly devised 
permanent antiseptic which apparently 


HIGH PRECISION 






High precision is the key to high 
speed war production — for mass pro- 
duction is based on a degree of ac- 
curacy that assures the picrfect inter- 
changeability of parts and units. 

In hundreds of war production plants, 
South Bend Lathes are preferred be- 
cause their high precision makes it 
easier to maintain exacting tolerances 
on important toolroom and produc- 
tion operations. 

Modern in design, built to high stand- 
ards of workmanship. South Bend 


Lathes are capable of performing fin- 
ish turning and boring operations 
with such accuracy that subsequent 
grinding, boning, or lapping opera- 
tions can often be eliminated. 

A wide range of spindle speeds per- 
mits taking full advantage of carbide 
or diamond tipped tools. Their con- 
venient controls make for an case of 
operation which reduces fatigue and 
lessens the possibility of error. Write 
for your copy of Catalog 100 C. 


SOUTH BEND LATHE WORKS 

SOUTH BIND, INDIANA • lATMl BUiLDEUS FOR 36 YEARS 
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EDISON STORAOE BAnERIES 



C«i]« art in txotiltnt condition* Complete with eolation, 
connectione and traye. Prioes below are about 10% 
of regular market price. Average life tO yearn. Two- 
year anoondHIonat Ouarantee. 

$ 0.00 
0.00 
7.00 

7.00 

6.00 

2.50 



lllllll 

Hrk. 160 

Ifrfr 336..........^, 


Hrk. 

(J-t) 

Ir-lf 

L*4t 

Hrk. 17, 

, , jBk. 

fitrk. 

Hra. 36 .... 





AU oella l.t volte eaeti 



Aboee piioee are per unit oelL For 0 rolt eyetem use 
5 cella, ID vt.— 10 oelle, 110 vt.— 88 celle. Note: On all 
cella 75 ampa. or leaa an additional oharye of 10% la 
to be added for traya. . 




HAND eUNOMETERS, PENDANT 

U. S. Army Bngineers, Oeologtata. Sur- 
veying, Mapping, etc. Magnifying BSye- 
plece .......... JSJO 

Variable Rheo- 
atat. Ward Ijeo- 
nard vitrohm, 
double plate 8* 
dla. 5 to 16 amp, 
4 ohm, front or 
back connected 
$ 10.00 
Ward Lieonard 
Vltrohm Rheo- 
atate. Taiiable 
600 ohn^ .2 to 1.6 
amp., 16 etepe, 
field regulation 
typ. $1240 

O. a. Amr Oenenton, Sifnel Oorpa double oitf- 
rent, hand drirtn: dalifen i rolte at AMPS, 
and 380 volte at .31 AMPS. 

Bronaa Qeani In Aluminum Oeea. 

Approximate Weight: 80 poonda. 

Pric $85.00. 

DYNAMOTORS 0. C. to D. 0. 

34-780 volt. Otn. Bectrle 300 
milla 131.88 

34-1000 den. Bee. 1000 mUte 
888.80 

13-380 volt 80 mlUa 

13-780 volt 300 mlUa 8 J* 8 J 

33-380 volt 80 mills J JJ 

83-300 volt 80 mll to ^♦OO 

GONVEITERI 

**Wappler X-Hav Oo.*» 118 or 330 d.o. Input — 78 or 
180 a.o. output. 

% KVA .... 148.00 3 KVA .... 198.00 

I KVA .... 868,00 8 KVA .... 8 U 0 . 0 O 

1 ^^ KVA .... 875.00 

MOTOR GENERATORS 

130 d.e.. no or SiO a.o.. 800 ercim.^M 0 ^t^ ^ ^ 
130 d.e.. 110 or 330 a.e., 800 ojole. 800 ^ 

m d. 0 .. 110 at m a-a., M, wcK..jl.|w. 

130 d.e. to 400 d.e. 3 kw 8338.80 te $ 78.80 

130 d.e. to 000 d.e. 3 kw 8080.80 te 8888 .H 

Motoia, rnnehronoui, 330 v. 00 eyelao 1000 
R.P.li. %R.P 130.08 


Motors, fiimrhroneus, 330 v. 80 eyclaa 1800 R P M. 
i 8 H.P 880.H 


SIRENS 

Univeraal AC A DC 130 volt Portable^ 
Weatherproof Limited number. . 


Bfilld YsNr Own StarRhllfht 

U. S. Ar«y Pirabellt Mirror 
Proei$i$n (lolity 



Peeal 

Length 

13^8 in. 
I 8 V 4 in. 


QIaae 

ghlckneii Prtee 
7/10 in, 78. 
1/16 in. Its. 


Ikage bv Bauach A Lomb A Parsona. 
POlRetlr ground and hlfhlj pellahed. 


A fiw N tlliMy mMI mM 
airrwi m band 122$. m. 


TUIM$TIS OSSTAIT 0l$M 

1 l/U” dl«.— l/M' thl.k. Pun m.«itlU< 
eontaeto. Maohlned and pellahad. 


33.00 ea. 


$0.00 par pair 


Variable Rhoo- 
etat Cutler 
Hammer, 4 to 
13 amp., 8 ohm 
ir X 13''....$10.00 



«OB PBBQOBNCT QRNBBATORO— AO 
4800 RPM, Ball Baartng, OaU Bxelted 

400 Orel# no Volta 300 Watte 888.00 

380 Watte iO.H 

800 Watte 88.00 

300 Watte •8.00 

300 Watte M.80 


600 ercla 
800 eyela 
800 eyola 
MW evela 


118 Volte 
118 Volte 
118 Volte 
no Volte 



Weat. Elec. Anti- 
Capacity 8 wl teh- 
ee, 14 Terminals, 
Contacts. Double 
$2.00 each 


U. S. Nivy Divort LoRterii 

Electric 150 watt, any voltage, solid 
cast braes. 300 lb. test. Weight II lb. 

Price %ZM 

U. S. ANMY TELEGNAPH SET 

signal Corpa telegraph key and aounder 
mounted on mahogany board. Oper- ^ „ 
atee on I dry celle. For Horae Code S0*$S 

GLASS MENCURY TUGS SWITQNES 

3 amp. $1.96 10 amp 12.25 

20 amp 2.95 

Telegreph and buaMr portable aete, mehogeny 
eaae, 2 tone 4 contact pleUnum point btgb fre- 
quency bttiaar, 3 telephone tossla awltehaa, po- 
tentiometer. aendlns key, 3 and. condenMra. 
trenaformer and 3 ohoka oetla, receiver. ...Iit.ot 


U. S. Army Alreraft, 
aolM braaa tetesraph 
end radio tranamlt- 
Mns key, lerta con- 
taete $2.99 




SlRgli Str9li;$ Elfdrte aMi$ 

Bdwards 13* bronM DO 6 Ohm Meoh. Wound 9t9J8 
Bdwerda 10* bronse DC 8 Ohm Mach. Wound 18.88 
Bdwetda 8* bronse XX:i 8 Ohm Mach. Wo^ lAOt 


D. 8. B. double currant generstor, 480 VOR at 
380 mills end 9 volts et 3 78 emp. Complete 
with filter. May be need ee dynemotor .. 888.89 


V. S. ANMY 
AINSNAPT MIGNO- 
PNONE 

Manufeeturad by Waat- 
am Bleetrtc. lit ohma 
Breeat typa a arbofl 
mlarophona traanait* 
ter, notes proof, eesi* 
plate with eordt. Plot 
and braeatptata. 
ttonal valut 





■AlHinM ELEftTlieiL MMIII HOUSE, IW.$ lipl. S.S., ttS CbiMbmti., Iiv T$rk CHy 
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holds promise of finding wide applica- 
tions in our industrial and everyday 
lives. This new material, known as Perm- 
Aseptic, has a dye-Hke affinity for 
fibrous and plastic materials. Once in- 
corporated in such materials it has the 
advantage of retaining its antiseptic 
qualities for long periods of time and 
through repeated washings or cleanings. 

Tests have shown that Perm- Aseptic 
not only kills micro-organisms within its 
penetration area but also inhibits subse- 
quent growths on treated materials. 
These same tests have indicated that 
these antiseptic qualities, in the case of 
fabrics, are effective even after 40 wash- 
ings; on tooth brush bristles they have 
been proved effective after 700 washings. 
This new antiseptic not only kills bac- 
teria but attacks certain fungi as well, 
thus making possible the control of 
growths which, uncontrolled, create tre- 
mendous annual losses to textile manu- 
facturers, food processors, and so on. 

Possible applications of Perm-Aseptic 
are in the manufacture of paper, in con- 
tainer materials to inhibit the growth of 
bacteria and mold, in food preservation, 
and in the protection of textiles for in- 
numerable purposes. 

• • • 

FIRE RESISTANCE — In treoting wood for high 

resistonce to fire, os much os three ond 
one-holf pounds of dry chemicol per cubic 
foot of wood if required. 


MOTOR CONTROL 
Rfigttitiit Spttd Throufli 
U3i of Elaeirgnie Tuhot 


r\ NEW team of electronic tubes de- 
signed to speed up and increase the use- 
fulness of industrial machinery powered 
by electric motors has been assembled by 
engineers of the Westinghousc Electric 
and Manufacturing Company. Key parts 
of this new electronic device, called 
Mot-o-trol, are glass and metal tubes 
which, working without moving parts 
and acting many times faster than any 
mechanical device, will replace electric 
motor-generator sets or mechanical gad- 
gets now being used to regulate the 
speed of cutting tools, conveyors, and 
scores of other industrial machines. 

Housed in a cabinet smaller than a 
floor-model radio, the Mot-o-trol pro- 
vides wide speed ranges, close speed regu- 
lation, and smooth automatic starting of 
direct current motors, the “work horses*’ 
of war industry. 

“These motors,*’ says Thomas R. Law- 
son, electronics engineer for Westing- 
house, “must be fed just the right amount 
of direct-current power at the proper 
time so they will turn a lathe, drive a 
conveyor belt, or feed metal into cutting 
tools at the pace required. 

“Most industrial plants are supplied 
with alternating-current electricity but 
alternating-current motors are unsuited 
for such jobs because they have only 
a few fix^ speeds, depending upon the 
motor’s construction and the number of 
times the^ currefht alternates. But a direct 
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SMITHSONIAN INSTITUTION 

Ot WASHINGTON, D.C. 
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\ KNOW ABOUT 

ITS ORIGIN AND ACTIVITIES? 

This interesting brochure, beautifully illustrated in 
four colors, tells the little«knewn story about its origin 
and activities and is being distributed to acquaint you 
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current motor receiving its power through 
these tubes can operate at many different 
speeds over a wide range — just as you 
can drive your automobile at speeds 
ranging from a walk to 80 or more miles 
per hour by changing the pressure of 
your foot on the gas pedal.” 

At present, Mr. Lawson explains, some 
industrial plants drive their machine tools 
and other equipment by hitching an 
alternating-current motor to a direct- 
current generator and then using the 
generated power to drive the direct- 
current motor. Speed is changed by 
“throwing away” part of the generated 
power. Others attach belts and pulleys 
to an alternating current motor and vary 
the speed of the machine by altering the 
size of the pulleys. 

The Mot-0“trol converts alternating 
current from the power line into the 
required direct current by means of two 
electronic tubes called thyratrons which 
allow current to pass in one direction 
only. “Inside each of these power tubes,” 
the engineer says, “is a grid which is 
connected to a speed-control dial in 
front of the oi>erator. Turning this dial 
varies the electrical ‘pressure* on the 
grid so that it acts as a faucet, opening 
to let more power pass through the tube 
to the motor or closing to reduce the 
stream of power and thus slow down the 
motor,” 

The speed control dial moves a metal 
button which rides on a semi-circle of 
smooth carbon. It can be turned to any 



Direct-current motor speed control 

desired point, giving an infinite number 
of speed variations. On the Mot-o-trol 
control board there are two of these 
dials, one for forward and one for re- 
verse 'speeds. In addition, there are push 
buttons for forward, reverse, and stop. 

Here's a typical application of the new 
electronic device : On a machine tool 
cutting a slot in a large piece of steel, 
the operator can select the best cutting 
sjMjcd by turning the forward speed con- 
trol dial. This speed depends upon the 
toughness of the steel, the depth of the 
cut. and the cutting tool's quality. Then, 


by turning the reverse speed dial, he can 
make the tool return to the cutting posi- 
tion at high speed so that there is little 
non -working time. 

Other electronic tubes in the Mot-o- 
trol stand guard over the motor. If some- 
thing goes wrong with the machine being 
driven so that the motor is under heavy 
load and drawing dangerous amounts of 
current, these tubes automatically cut off 
the power supply before the motor is 
harmed. The unit can be mounted on or 
built into the machine tool or other equip- 
ment for which it “tailors” electric power. 
Those now being built are designed to 
furnish power to motors of one horse- 
power or less but larger ones can be 
built for machines requiring more power. 

FliE EXTINGUISHER 
Midt wHIi NoB-CritlMl 
Oontaintr 

F IBERBOARD tubes in a wooden holder 
form the basis of a new fire extinguisher 
made of non-critical materials. Reported 
to be accepted by the Interstate G)m- 
merce Commission for the protection of 
motor vehicles, and carrying the seal of 
the Underwriters' Laboratories, the ex- 
tinguishing material, stored in seven- 
pound fiberboard tubes, is a free-flowing, 
water-repellent dry powder that extin- 
guishes fires in gasoline, alcohol, wood, 
and paper, and can be used on fires in 
electrical equipment 
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CVERY important discovery relating 

to mind power, sound thinking and 
;aus6 and effect, as applied to self- 
idvancement, was known centuries ago, 
before the masses could read and write. 

Vfuch has been written about the wise 
nen of old. A popular fallacy has it that 
heir secrets of personal power and suc- 
lessful living were lost to the world, 
knowledge of nature's laws, accumulat- 
Ki through the ages, is never lost. At 
imes the great truths possessed by the 
lages were hidden from unscrupulous 
nen in high places, but never destroyed. 

Why Were Their Secrets 
Closely Guarded? 

)nly recently, as time is measured; not 
nore than twenty generations ago, less 
han 1/lOOth of 1% of the earth’s 
people were thought capable of receiv- 
ng basic knowledge about the laws of 
Ife, for it is an elementary truism that 
mowledge is power and that power 
annot be entrusted to the ignorant 
nd the unworthy, 

Visdom is not readily attainable by the 
:eneral public; nor recognized when 
ight within reach. The average person 
bsorbs a multitude of details about 
bings, but goes through life without 
ver knowing where and how to acquire 
lasteryof the fundamentals of the inner 
lind — that mysterious silent something 
iThich ’’whispers” to you from within. 

Fundamental Laws of Nature 

’'our habits, accomplishments and weak- 
esses are the effects of causes. Your 
houghts and actions are governed by 
imdamental laws. Example: The law ^ 
f compensation is as fundamental 


as the laws of breathing, eating and 
sleeping. All fixed laws of nature are 
as fascinating to study as they are 
vital to understand for success in life. 

You can learn to find and follow every 
basic law of life. You can begin at any 
time to discover a whole new world of 
interesting truths. You can start at once 
to awaken your inner powers of self- 
understanding and self -advancement. 
You can learn from one of the world’s 
oldest Institutions, first known In Amer- 
ica in 1694. Enjojring the high regard 
of hundreds of leaders, thinkers and 
teachers, the organization is known as 
the Rosicrucion Order. Its complete 
name is the "Ancient and Mystical 
Order Rosae Crucis,” abbreviated by 
the initials ’’AMORC.” The teachings of 
the Order are not sold, for it is not a 
commercial organization, nor is it a res 
ligious sect. It is a non-profit frater- 
nity, a brotherhood in the true sense. 

Not For General Distribution 

Sincere men and women, in search o. 
the truth— those who wish to fit in with 
the ways of the world — ^are invited to 
write for a complimentary copy of 
the booklet, "The Mastery of Life.” 
It tells how to contact the librarian 
of the archives of AMORC for this 
rare knowledge. This booklet is not 
intended for general distribution; nor 
is it sent without request. It is there- 
fore suggested that you write for your 
copy to the Scribe whose address is 
given in the coupon. The initial step 
is for you to take. 


Elmer Sperry end His 
Magie Top 

(Continued from page 67) 

cess As trains grew heavier and faster, 
the danger increased. 

Sperry's solution was characteristically 
simple, and effective. He reasoned that 
any internal flaw in the rail would dis- 
turb the flow of electricity. So he built a 
special testing car called the ‘‘flaw de- 
tector,” with a dynamo to generate cur- 
rent which was shot through the rails, 
and a device which instantly recorded 
any variation in the flow. The crowning 
touch was a pump which automatically 
squirted white paint on any defective sec- 
tion of rail. At first the railroaders 
thought it wouldn’t work — too simple. 
But it has worked for almost 20 years and 
is working today. Just since the start 
of this war, Sperry Detector Cars op- 
erated by Sperry Products, Inc., for the 
railroads, have tested 140,000 miles of 
track and discovered more than 113,000 
defective rails— each one a potential cause 
of a wreck. 

To accomplish what he did, Elmer 
Sperry drove himself unmercifully He 
was .so full of energy that his engineers 
in the (lyroscope Company sometimes hid 
behind pillars or filing cabinets at the end 
of the day when they saw him approach- 
ing with his quick, bouncing step and 
a bright gleam in his eye that probably 
would mean an all night session He had 
a peculiar capacity for juggling several 
ideas simultaneously, and frequently held 
multiple conferences, outlining a new 
project to one man, telling another how 
to prepare a blueprint, and offering sug- 
gestions to a third. 

Work to him was the only justification 
for living, and even when he was sup- 
posed to be relaxing he never got far 
away from his work He used to enjoy 
having his wife or his daughter Helen 
read to him in the evenings, but as often 
as not he would hand them a technical 
article on electro-chemistry, or patent 
specification.s detailing a double connect- 
ing rod attached to a crank arm. Patient- 
ly they would read, until Sperry wtiuld 
jump up and say, "Now I’ve got it” — and 
hand them another technical paper. 

Sperry started his career at the age of 
six, when he invented a horseradish 
grater for his aunt in Cortland. That was 
in 1866. When he was 12 he invented a 
multiple, semi-automatic drill that speeded 
up the work of a wagon shop in his home 
town. At 18 he built an improved light 
and so astonished his neighbors that they 
collected a fund to send him to Chicago, 
where he got his start— his initial suc- 
cess financially. He remained an inventor 
even on his deathbed. It was unbearably 
hot in New York on June 16th, 1930, and 
the hospital room where Sperry lay in his 
last illness was stifling. At three in the 
morning a cake of ice was brought in 
and placed in a tub, with an electric fan 
blowing across it. The room temperature 
dropped a degree or two, and with a 
great effort the dying man whispered — 
“Put some water in the tub It will give 
more cooling surface.” 

Those were Elmer Sperry’s last words. 
His ipventive mind was busy to the end. 
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New Products 


PLASTIC ADHESIVE AND CLEANER 

Protective paper used on plastic sur- 
faces such as those on bomber noses and 
jfun turrets, to prevent damage during 
handling, shipment, and storage, may now 
be cemented in place by means of a new 
adhesive developed by I. du Pont de 
Nemours and Company, The adhesive is 
so compounded as to permit stripping 
the paper from the plastic witliout leaving 
any deposit on the surface. 

For similar plastic surfaces which have 
become covered with grease or other 
foreign matter a new liquid cleaning 
material known as Plexi-Glyst has been 
developed by Turco Products Inc. The 
material is applied by spraying or by 
wiping on with a sponge or clean cloth 
after loose dust that might cause scratch- 
ing has been flushed off with water. 

WRINKLE FINISH 

Restrictions on the use of China wood 
oil have severely restricted the manufac- 
ture of standard wrinkle finishes. Re- 
cently, however, there has been announced 
by Mass and Waldstein Company a new 
line of wrinkle finishes which contain no 
Chinawood oil yet which will form hard 
and durable coatings. The regular wrinkle 
patterns, it is reported, are obtained by 
the same methods as were used with 
former materials. 

DUNKING AND DRYER BASKET 

NEWLY patented dunking and dryer 
basket, made entirely from scrap metal, 
is said to be extremely practical since it 
is included with a standard five-gallon 
steel shipping pail with a removable 
top containing the Curran Corporation’s 
newly announced Carbon Met substitute 
for Carbon Tetrachloride. 

The bench kit is shipped complete and 
is easy to use — all that is neccssaiy is 



to place the part to be cleaned in the 
dunking basket and dip it into the 
volatile Carbon Met. 

On withdrawing the dunking basket, 
the spring-like clips attach themselves 
to the edge of the container, allowing ex- 
cess solvent to drain back into the pail. 
Within a very few minutes the parts in 
the basket are completely dry and clean 

Since the dunking and dryer basket 
is constructed entiiely from extra pieces 
and scraps of new metal, it is not neces- 
sary to have a high priority 

CONTINUOUS COLOR READINGS 

Designed to register the light trans- 
mission of a liquid passing continuously 
through the instrument, a new colori- 
meter has been developed by the Photo- 
volt Corporation. With this instrument 



For meosuring liquid colors 

the concentration, color, or turbidity of 
a flowing liquid is read in terms of light 
transmission. 

The operating principle of the colori- 
meter depends upon light from an incan- 
descent lamp passing through a color fil- 
ter and then through the liquid. The 
transmitted light impinges upon a photo- 
electric cell, the current of which then 
registers on an electric indicating instiu- 
ment. 

The distinctive feature of the Contin- 
uous-Flow' Colorimeter lies in the liquid 
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under teit passing through a glass tube 
rather than being contained In an ab- 
sorption cell or a test tube. This makes 
the instrument suitable for the continuous 
control of chemical processes in which 
the color or turbidity of a liquid must 
be checked either as a measure of its 
concentration or as an indication of some 
other chemical or physical condition. 
Once calibrated by means of a solution 
of known concentration, the instrument 
indicates the concentration directly and 
continuously, obviating the necessity of 
taking samples and analyzing them at 
regular infervals. 

POLISNIlia POWDEII 

C3lass, marble, and granite formerly 
polished with tin oxide putty powder can 
now be worked with a new metallic 
oxide powder, which does not stain, is 
lighter in weight than tin oxide, and is 
not made from highly critical materials. 
This new material is called Victory Fas- 
polish. 

PRECISION TURN COUNTER 

IMPROVED coil-turn cdi|||j|ter for 
laboratory or factory use in defl^i^ining 
with precision the number of turns in 
wound electric coils has been announced 
by the Special Products section of the 
General Electric Company. The counter 
is » capable of checking or determining 


number of turns. When the probable 
number of turns in a coil is not known, 
a trial reading is taken and the dial 
is adjusted until the reading is zero on 
the galvanometer. 

The accuracy of the counter is one turn 
in a thousand for coils having air cores 
at least H Inch in diameter, an outside 
diameter of eight inches and less, a coil 
build-up to 2H inches, and up to six 
inches in height Accuracy is not as high 
for coils outside these limits. 

SPRING MAT 

SPRING cushion device of all-metal 
construction, consisting of a cap, a stud 
or base, and a spring, is being used to 
provide effective spring action wherever 
cushioning is required. The parts of the 


End end top views of spring mot 




Coil-turn chackar 


the effective turns of coils ranging from 
1 to 11,110 turns, at a rate of from 80 
to 100 coils of like specifications per hour. 

In addition to the magnetizing current 
control box, the new coil-tum counter 
comprises a portable light-beam gal- 
vanometer, two yoked test rods, a gal- 
vanometer control panel, and a foot- 
operated switch— all conveniently assem- 
bled for operation on table or bench. 

The operation of the counter is simple. 
The coil to be tested is placed over the 
test rod and connected to test clips, 
The dials on the galvanometer control 
panel are set to the number of turns 
the coil should have, and the foot switch 
is pressed If the galvanometer dial shows 
a deflection, the dial readings are in- 
creased or decreased until the deflection 
is zero. The dial reading is then the 


device are held together by side lips 
which position the springs firmly yet per- 
mit a full-floating action at all times. The 
construction is such as to allow free mo- 
tion of the springs yet to prevent all side- 
sway, 

A standard unit of nine cells, capable 
of sustaining a load of 100 pounds, can 
be used in any number and combination 
to attain the cushioning area and strength 
required. 

For absorbing vibration and mechani- 
cal shock in machine tools, printing 
presses, and other mechanical installa- 
tions, these Rande Unit-Springs are being 
used to replace rubber and other vibra- 
tion absorption materials. 

PLASTIC NOZZLE 

more example of the replacement 
of critical metals by plastics is in the field 
of fire-fighting equipment where strong, 
durable, and light plastic nozzles are 
now being furnished for standard hose 
sizes of fire extinguishers, pressure op- 
erated tanks, stirrup pumps, and so on. 
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These nozzles, produced by American 
Molded Products Company, have long 
life qualities and arc corrosion proof, 
non-denting, highly resistant to acids, 
alkalis, and other liquids, and will hold 
their shape perfectly under normal use. 

BEN6N BINS 

Designed for use directly on the bench 
and without the need for racks or other 
holders, a series of standard bench bins 
are being made available by the Gordon 
L. Hall Company. The bins are raised 
at the back, thus ensuring proper forward 
tilt for gravity feed of small parts. These 



With and without hopptri 


bins, adaptable to an unlimited variety 
of arrangement, have folded edges at the 
front to protect the users’ hands and arc 
ruggedly built of sheet metal. Standard 
models are available as well as models 
equipped with hoppers, as shown. 

MASKING PAPEN 

Strips of pressure-sealing adhesive ap- 
plied to one or both edges of a new mask- 
ing paper secure the paper to flat surfaces 
or protruding parts which have to be 
masked against paint spray. The paper 
itself resists paint and the adhesive strips 
off clean after painting is completed. The 
use of this Edge-Gummed masking paper 
shows marked economy and increases 
ease of removal. 

TUBE MACHINE 

WIDE range of sizes of ferrous and 
non-ferrous tubes can be flared, squared, 
burred, or beaded in a new machine re- 
cently placed on the market by Leonard 
Precision Products Company. In this 
machine, illustrated in these columns, a 



Levers control the tube mochine 


work-holder was located in front of a ro- 
tating spindle which carries an adjustable 
tool-holding socket. In the socket can 
be placed a combination burring and 
squaring cutter, a flaring tool, or a bead- 
ing device. Arrangement is made for po- 
sitioning the tube for accurate operation. 

CHECK VALVE 

Six basic combinations of check valves 
are available with a new universal check 
valve recently developed for aircraft hy- 
draulic lines, but adaptable to other pur- 
I>oses. These combinations are made pos- 
sible by the use of a standard body and 
three types of adapters. By reversing the 
plastic poppet in the check valve assem- 
bly, the direction of fluid flow can be 
changed, making a total of 12 possible 
valve combinations. 

SHEAN 

IMPROVED bench shear for precision 
work on light and medium weight metals, 
shown in the accompanying illustration, 
has recently been added to the Di-Acro 
line. This shear, ruggedly constructed for 



Front view of bench sheor 


long life and ease of operation, can be 
quickly arranged for shearing, squaring, 
slitting, stripping, or notching to extreme- 
ly close tolerances. The use of this tool 
frequently eliminates the preparation ex- 
pense and time delay of preparing blank- 
ing and forming dies. 

RELAY 

Designed particularly for aircraft 
power circuits, a new Ward Leonard 
relay will perform its functions under 
high values of acceleration of gravity 
and under severe conditions of vibration 
and shock. Under these conditions the 
armature and the contact assembly will 
retain operating position. These functional 
factors have been achieved through com- 
pact and sturdy design and through 
rigidity of the entire relay assembly. 

• # • 

READERS dasiring furthar informotion on 
now products, or reseorch ond devolop- 
mont work reported in these poges, will be 
referred to monufocturers or odditionol 
sources upon request. Address our Reseorch 
Deportment, giving specific references, in- 
cluding dote of issue ond poge number. — 
Th§ Editor. 
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AVIATION 

Pre-Flight Training 

Economy of Both Time and Money are Achieved 
With Trainer that Gives Complete Illusion of Flight 


ALEXANDER KLEMiN 

Aviation Bdllor, SclentiSc American. 
Research Prolessor, Donlel OuMeiiheim 
School of Aeronoutict, New Yerk University 

T he Soul^-Rabkin pre-flight trainer 
bids fair to speed-up and even im- 
prove the process of training young pilots. 
The student enters the trainer, closes the 
hatch, fastens his belt, and achieves the 
illusion of being in a flying airplane. This 
illusion is achieved by a coinhination of 
effects. A moving picture on a screen 
close ahead of the young man gives the 
impression of movement. As he moves the 
controls, the airplane nose mounted in 
the screen inclines in such fashion that 
the student can readily imagine that he is 



Compitte illusion of flight 


executing a hank or a turn, is climbing or 
descending. On the instrument panel, the 
instruments automatically register the 
true character of the maneuver. Thus the 
turn indicator shows the direction of the 
turn, the degree indicator shows the de- 
gree of the turn, the bank indicator tells 
the would-be pilot whether he is coordi- 
nating rudder and aileron correctly. The 
rate of climb indicator, the air speed in- 
dicator and the tachometer or revolution 
counter all register precisely as they do 
in a plane. A motor sound effect trains 
the ear and heightens the illusion of 
movement. 

The “mistake counter” is still another 
valuable aid in this training system. Sup- 
pose the turn is made incorrectly and the 
ball indicator shows a skid or a side slip. 
The mistake counter will record the er- 
ror, though a time relay gives the student 
three seconds in which to correct the er- 
ror. By keeping a chart of the mistakes 
from lesson to lesson, the rate of improve- 
ment can be noted. 

Then, too, there are other valuable fea- 
tures in the* trainer, such as interchange- 
able noses which accustom the student to 


the different silhouettes of trainer, ad- 
vanced trainer, fighter, and bomber. Also, 
the scenic strip can be changed so as to 
familiarize the pilot with any particular 
area. 

Both economy of equipment and time 
are provided by the new device and, in 
some respects, the pre-flight trainer is 
actually an improvement on the training 
plane itself. Of course, however, nobody 
could possibly learn to fly well without 
actual hours and hours of experience in 
the air. 

• • • 

INTEQRAL SUPEROHAIIQEII 
Can Ovareoma Many Airplana 
Pawar Plaat Diffioultlas 

In the installation of the supercharger 
there are apt to be many lengthy duct 
connections, difficulties in the intercoolers, 
difficulties in lagging pipes, and so on 
In one airplane the supercharger has had 
to be placed far back towards the tail end 
of the fuselage, with structural complica- 
tions and much added weight Dr. San- 
ford H. Moss, who has for .so many years 
been identified with the development of 
the turbo supercharger, now outlines, in 
a paper presented before the Society of 
Automotive Engineers and entitled “Avi- 
ation Power Plants,” the advantages of 
integral power plants for airplanes and 
suggests that the entire turbo super- 
charger installation become a part of the 
integral power plant. 

The proposal is well put forth in one 
of our illustrations, in which it is seen 
that engine and supercharger — the whole 
unit, in fact — will be compactly and con- 
veniently mounted again on the fire wall. 
It is easy and worthwhile to identify the 
main elements of the installation. From 
the rear of the engine the exhaust gases 
will be lead through a pipe around which 
there would be placed a heat-exchanger 
which would lead heat to the wing de-icer. 
Via a flexible joint and a waste gate, the 
exhaust gases would go to the exhaust 
gas turbine which would drive the super- 
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charger proper. The intake scoop would 
lead air into the supercharger. Since dur- 
ing the compression process the air would 
heat up, it would then pass through an 
intercooler where outside air would re- 
duce the temperature to reasonable levels. 
The cooled air would then go to the car- 
buretor and subsequently to the engine 
manifold. 

It would be a decided advantage for the 
airplane designer and constructor if he 
could indeed secure an integral super- 
charged power plant and avoid all the 
^’headaches’* of designing a complete in- 
stallation himself. — A,K. 

POST-WAR 

Aviitlon Wilt Not Nood 
Oovommoiit IntorforoNOO ^ 

\^HEN the end to the war and allied 
victory come, peace-time aviation will 
be resumed with renewed vigor; it is 
thus desirable to turn briefly to considera- 
tions of post-war aviation. No one can 
speak with more authority of America’s 
aviation tomorrow than Colonel Edgar S. 
Gorrell, distinguished flying officer in the 
last war, and now president of the Air 
Transport Association. 

One of Colonel Gorrcll’s first points 
in an address presented before the For- 
eign Commerce Club was that while avia- 
tion is a new industry, its develop- 
ment docs not call for extraordinary so- 
cial measures, for mumbo- jumbo, for 
’’statiaation.” Aviation did remarkably 
well in the hands of the pioneers and is 
doing well with the airlines of today. 
There is not the slightest necessity for 
government ownership either in domestic 
or in foreign commerce. Readers will re- 
call the sad days when the Army took 
over the carrying of the mails. Direct 
governmental intervention or ownership 
has been familiar in Europe for many 
years, yet European airlines have lagged 
far behind our own, in mileage flown, in 
the number of passengers carried, in the 
speed and safety of operations. The very 
significant index of passenger miles per 
route mile operated was, in 1938, four or 
more times better for American air car- 
riers than for government supported or 
owned European airlines. 

The private airlines have now ac- 
cumulate a vast degree of skill and tra- 
dition. They have esprit de corps and 
the stimulus of competition. Why should 
we throw all this away to let the lethargic 
bureaucratic spirit intervene ? 

We do not quote Col. Gorrell directly, 
but paraphrase freely and perhaps our re- 
marks are even stronger than those of 
the speaker himself. 

Besides advocating freedom from gov- 
ernment ownership, the speaker drew at- 
tention to one very important bill now 
pending before Congress ; namely, the 
Lea-Bailey Bill by which it is proposed 
that federal regulation be extended to all 
air commerce whether between points 
within a single state or between points in 
different states. It will be a sad day 
for the United States when our great 
states become insignificant appendages to 
Washington, but federal regulation of 


Drinking water is scarce in North 
Africa. And what there is, is likely 
to be bad. 

So before our soldiers landed 
there, they were weaned away from 
water, A dash of iodine in their 
drinking water served the double 
purpose of disinfecting it, and mak- 
ing It taste awful. By the time the 
boys landed in Africa, they’d lost 
all taste for water except in safe, 
prepared drinks. 

The favorite prepared drink is 
lemonade. Field Ration K provides 
it— along with veal, pork, sausage, 
coffee, bouillon, malted milk tab- 
lets, biscuits, chocolate and chew- 
ing gum — all in a 33 ounce pack. 


Sounds like somebody was taking 
pretty good care of our boys, doesn’t 
it? And that’s right. American sol- 
diers are the best-fed, best-equip- 
ped, best-cared-for in the world. 

But keeping them that way takes 
money. So much money that Uncle 
Sam asks us to invest not 10% or 
15% or 20%y' but all we can in War 
Bonds, 

Chances are, you’re already in 
the Payroll Savings Plan — doing 
your bit. But don’t stop there. 
Raise your sights! Do your best! 
Remember, you get back $4 for 
every ?3 you invest, when Bonds 
are held to maturity. But your 
money is needed NOW! 


BUY MORB 



YOU’VE DONE YOUR BIT., f NOW DO YOUR BEST! 


WAR BONDS 


This space is a contribution to America's all-out war effort by 
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iff. 1930 

PRODUCING FOR 

OlONANCE— MARITIME 
SIfiNAL eORPS— LEND LEASE 

EtfM Connaetleaf 


MAKE YOIR OWN 
TELESCOPE 

at a cost of loss 
than $25. 

working from InoxponohrOf 
proftorod kit* of glass, abra- 
shfos, and piteh, and by fol- 
lowing fho praetioal doialiod 
Instructions In 

“AMATEai 
TELESCOPE MAKIR8” 

Thii btgitifiar’f Insokp from wliich 
inoro than 25,000 talafcopai hava 
batfi tnada by amataurf, givat ala- 
mantary information on how to plan 
and build tha mounting, how to 
grind, polish, and accurataly shapa 
tha assantial glass parts by hand* 
All nacassary data ara prasantad in 
aasily undarstandabla form. 

Ovar 500 pogas frofvfa/y l/fasfrofod 

M*00 Rsostpaldy doimstlo 
t4.SS fornigpi 
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lOAN ANI 

INVENTOR 

O MAKE MONEY TODAYT # 

_ In 1041 alone over 4,000 AMUmmenti of ^ 
Patents a month were mads by Inventors A 
^ to manufacturers or individuals. This ^ 
mws today’s demand for new patented 

• Inventions If you have Ideas, write for A 
our FREE BOOK, ’’Protect. Finance and ~ 
Sell Your Invention” that gives you the 

• oomplete facts. Special form ’’Invention A 
Record” also mailed FREE. No obligation. W 

r- 
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Name 

Address I 

City State I 

■smaiMi (Write or Print Name Clearly)! 


MoMORROW & BERMAN 

Rraistered Patent Attorneys Before U. 8. 
Patent OlBce 

17B-B Albee Building Washington, D. O. 
Send me your NEW FREE Book. ”How to 
Protect, nnanoe and Sell Your Invention” 
and specially prepared ’’Invention Record” 
form at once. I understand that this request 
does not obligate me. 


AVIATION 


scheduled air flying seems highly desir- 
able. Said the speaker; “The reason is 
to be found in the special characteristics 
of air commerce. The speed of an airplane, 
even were it to move no faster than sur- 
face vehicles, would be much greater 
than the spe^ of surface transportation 
because it is able to move directly to its 
destination unimpeded by surface barriers. 
And bear in mind that even the pre-war 
airplane moved at a rate often five or 
six times faster than ordinary surface 
transportation/* 

A strong aviation industry in peace 
time would also mean a strong manufac- 
turing industry, invaluable in time of war 
and the best safeguard against more 
vagaries on the part of Germany. — A.K. 

MOOIFIOATION CENTIIIS 
ParfMt Alrortf! Changti 
With Mlnliiittiii Prodnetieii Dalay 

In the last war and in the present war, 
every military aviation unit tried or tries 
to modernize its planes, to keep them 
supplied with up-to-date instruments, to 
introduce as rapidly as possible the 
changes which actual combat have shown 
to be necessary, to make the adjustments 
which a change in season or a change in 
climate make advisable. It remained for 
the American Army Air Forces to carry 
this principle to its logical conclusion 
and to provide gigantic modification cen- 
ters (another name for motlernization 
centers) all over the world. 

The great advantage of these modi- 
fication centers is that the airplane manu- 
facturer can proceed with quantity pro- 
duction, on well planned, well organized 
lines, while the modification center can 
carry out minor work with a minimum 
of trouble and delay. 

The service manager of one of these 
modification centers states the guiding 
principle in words upon which we cannot 
improve : “Production methods would 
require planning and tooling for 18 
months to two years to build perhaps 
300 ships for a special purpose. We can 
modify the same number of basic air- 
frames in a fraction of that time. . . . 
We’ll say it would take a month to make 
a certain die. We can beat out enough 
parts to do the job in a week, without 
slowing basic production or making it 
wait for change-orders.” Incidentally, 
change orders used to be the bane of air- 
craft constructors. — A.K, 

LIFE RAFT 

AutomatiMlIy EJtded From 
Forcod-Down Plano 

The utmost ingenuity is being exer- 
cised to save the lives of airplane pilots, 
whether carrier-based or land-based, who 
may be forced down at sea. The latest 
and not least important device is an auto- 
matically ejected and automatically in- 
flated life r^t. 

The new device, originated by engi- 
neers of Walter Kidde and Company, 
employs a water-sensitive switch which is 
mounted on the underside of the fuselage. 
When the fuselage of the land plane 



Compressed gos docs the job 


touches water, release valves on two 
cylinders of carbon dioxide are opened 
automatically. The gas from the first 
of these cylinders opens the hatches of 
the raft compartments in the top of the 
fuselage. Gas from the second cylinder 
expands to 450 times its stored volume 
and inflates the raft which then floats 
free except that it is held to the plane by 
a light line. — A.K. 

AUTOMATIC RIYETINQ 
Spoodt Produotlon of Wing 
Spars and Skin Covarings 

In the construction of all-metal combat 
aircraft, production speed is governed by 
the fact that thousands of rivets have to 
be inserted in their respective holes and 
driven home. To increase this speed, an 
automatic riveting machine, developed 
by General Engineering Company and 
illustrated in one of our photographs, 
provides for the mechanized riveting of 
wing spars or wing skin coverings. 

The parts to be riveted are placed on 
light handling frames or run through the 
machine automatically on simple roll 
stands. Powerful hydraulic cylinders are 
provided, having a maximum force of 
56,000 pounds. Bucking units are mounted 
on the upper frame, riveting units on the 
lower frame and the two units move to- 
gether. 

Actual tests has proved that the use 
of this machine results in savings in man 
power as high as 30 to 1.--A.K, 





Aircraft riveting speeded-up 
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Conducted by JOHN P. CANDIA 


FOOD FOR THOUGHT phase of radio science. The present text 

Bv Willkie and Kolaehov covers the special performance, installa- 

tion, and servicing factors which are es- 


O NE of the most controversial subjects 
in the whole broad field of internal 
combustion engines and their use is that 
of gasoline versus alcohol. Here is one 
side of the question, prepared by two men 
who are thoroughly conversant with the 
art of alcohol distillation, and presented 
as a solution to many of the phases of the 
agricultural problem. One-sided though 
the discussion must necessarily be, it is 
thoroughgoing in all its ramifications. 
(210 pages, 6^/2 by inches, a number 
of charts, photographs, and tabulations.) 
— $2.10 postpaid. — A,P,P, 

PSYCHOLOGY OF MILITARY LEADERSHIP 
By Pinnlngtoiii Hough, Gist 

A n assistant professor of psychology, 
a lieutenant colonel in the United 
States army, and an assistant manager of 
engineering personnel in an aircraft plant 
have collaborated in the preparation of 
this book aimed particularly at army of- 
ficers who are especially concerned with 
the solution of military problems pertain- 
ing to the human element. The text covers 
the role of officers as instructors, as learn- 
ers, as leaders, as disciplinarians, and as 
personnel technicians. It also deals with 
adjustment to military service, the rela- 
tionship between the officer and his men 
in battle, and with the whole general sub- 
ject of army morale. (288 pages, 6 I /2 by 
954 inches, a few charts and tables.) — 
$3.10 postpaid. — J,P C. 

PRACTICAL ESSENTIALS OF 
PRE-TRAININQ NAVIQATlOli 

By Skilling and Riehnrdton 

S MALL paper-bound volume. It covers 
celestial navigation, meteorology, map 
projection. (113 pages, SYj by 8^4 inches, 
19 illustrations.) — $.80 postpaid. — A.G.L 

PRINCIPLES OF AERONAUTICAL 
RADIO ENGINEERING 

By P. G« SandroHo 

R adio use in aeronautical navigation and 
communication brings into play spe- 
cial factors which must be mastered by 
those who would become proficient in this 


sential to the problems in hand, and out- 
lines engineering fundamentals and 
methods which have been developed. The 
text covers : Avigation, including the 
radio range, direction finders, markers, 
instrument landings, altimeters ; and com- 
munications, including medium and ultra- 
high-frequency operation. A section of 
the book is devoted to a discussion of ac- 
cessories and an appendix lists mechanical 
requirements for aircraft radio equip- 
ment. (414 pages, Syi by 9ki inches, over 
200 drawings and photographs.) — $3.60 
postpaid. — A.P.P. 

AMERICAN DIESEL ENGINES 
By E. F. Goad 

A PRACTICAL text for the vocational stu- 
dent and the mechanic, the present 
book is the result of a need felt by a 
teacher of Diesel engine science. The 
fundamentals are clearly explained and 
exemplified by drawings and photographs 
of standard American Diesels. (313 
pages, 6 y 2 by 9H inches, over 100 illus- 
trations. ) — $2.85 postpaid.— -/.P.C. 

SEMIMICRO QUALITATIVE ANALYSIS 
By Arthur R. Mlddlaton and John W. Willard 

T his chemical teaching text sets forth 
modern methods for qualitative analysis 
using small amounts of samples and re- 
agents for speed and economy. The two 
parts of the book, approximately equal 
in size, discuss basic theory of chemical 
reactions with suitable problems, and 
laboratory technique of analysis, respec- 
tively. (266 pages, 6 by 9 inches.) — $3.85 
postpaid. — D.H.K, 

NEWPORT TOWER 
By Philip Ainsworth Moans 

M ost enigmatic, provocative building 
in the United States is the noted 
old round stone tower at Newport — sub- 
ject of an unbelievable amount of alter- 
cation, some of it bitter. Was it only a 
colonial windmill or, as this archeologist 
writer attempts to prove, the church of a 
lost 12th, 13th, and 14th Century colony 
of Norsemen? The author organizes his 


The 

WAS ON 
CANCEB 

By Dr. Bdword Podolsky 

Formerly on tho Staff $ of Fifth Ayenua 
and Flowar Hospitals, Nam York City. 
Now a Captain of the Armed Forces. 

A Book That Brings You the 

FACTS ON CANCER 

Here is a book written in simple, 
non-medical terms that gives you 
the most recent findings on Cancer. 
It discusses the efiectiveness of 
X-Ray, Cyclotron, Radium, Surgery, 
Refrigeration. In addition, it brings 
to date the effect of Diet and the 
very latest advances that Science 
has made in the battle against this 
terrible killer— Cancer. Can you 
recognize cancer’s first dread warn- 
ings? What do you know about its 
probable causes? Is it hereditary? 
Just how near are we to a cure 
for it? 

Read this book so that you can 
protect yourself by understanding 
the nature of Cancer and how it 
might affect you. 

180 pages Illustrated ^1.75 

At Your Bookstore or Direct From 

REINHOLD PUBLISHING CORP. 

330 West 42nd $t. N«w York 18, N. Y. 


MATHEMATICS DICTIONARY 

Great help in reading any book using 
mathematlca. 

Invaluable when the meaning of an 
occasional word or phrase is needed. 

Saves time and labor at a nominal 
cost. 

The James Mathematieal Dictionary 

provides; brief, clear definitions, easy 
Illustrative examples; figures, excellent 
cross-references, formulas of all sorts, 
and the tables ordinarily used in hand- 
books. 

Second edition, 1943, attractive for- 
mat, 327 pages, 13.00 postpaid 

Indicate flexible or non-flexible bind- 
ing. Order from The Digest Press, Dept. 
8B, Van Niiys, California, or The Solen- 
tlflo American. 


The Morse Decimaliser 



The DECIMALIZER shows in a few simple 
manipulations just where to place the decimal 
point in the result of any computation involving 
several elemenU. part or all of which may be 
deolmals— for example. In such a problem as 
(9 X .0433 X 74.1 X 3.8) (348 X .0093 X 36) 

the DECIMALIZER removes that ‘^decimal point 
hasard” Inherent in computations mads with the 
slide rule or otherwise. 

Pocket sise: durable (stainless steel), exceed- 
ingly smooth in action Furnished in leather 
ease, with complete directions for using. Piioe 
12, postpaid; with extra, easily interchangeable 
scale which enables the instrument to perform 
extended multiplication and division, 60 eents 
additional. Money back if returned within 10 days. 

GEORGE H. MORSE 

027 — 28th Street South Arllagton, Ya. 
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Recommend 


0«sf Sellers in Science 


PLASTICS ->*• By I. If* DuhmU* Meety informstioa 
on the whole genersl oubjeot of plMtics, preeented 
in nuTstire form for omj reeding* TabnUtion* of 
properties of plaetiee, plue baeie aeaign infornutlon, 
for laymen and teehnioiana alike. 99*10 

KXPERlMENTAt ELECTRONICS — By tUdpk 
V. Ifiiller, Jt L, Cmrmmn, mnd M. S. Ores. 
A aolid bo^ of eminently praetieal information on 
the oharaeteriatioa and non*eommanleatioa appUea- 
ti<ma of eleetron tubes. The tent deacribea aiperi* 
menti and preaenta raanlta. Per students, radio 
eogineera, communioationa esperta, and the aerioua 
general roadar. $4.79 

HOW TO READ ELECTRICAL BLUEPRINTS — 
By CUbmri M. HmUi* mnd Cmri H, Dunlnp. A 
chapter on how blueprinta are made, plus nine other 
aectiena, each of which la deroted to a apeelalised 
part of the electrical field, from bell and signal 
wiring through motor eoatrwl diagrams to power 
autioa blueprinta. 99.10 


CET TOUGH! — By CmpU W» E* 
How*to*win*in*hand-to*haad*fifhtiaf diraetiona, by a 
man who really knows rough-and* tumble methods 
that art itei **clean'* fightii^ but are designed to 
win. 91.19 


A COMPREHENSIVE SMALL ARMS MANUAL •— 
By Chmfimt T* Hmvmn* Prepared to acquaint State 
Guards, Itegular Polica Depts., Coait Guard Auxil* 
iariea, Plant Guards, Auxiliary Police Depta., and 
eiuiliana with the operation, care, and limitations 
of weapons at present available for these trpea of 
defense and protective units. Discussion of all types 
of military and sporting rifles, shotguns, submachine 
guns pistols, and revolvers, as well as their care, 
uae^ and ammunition. 91*90 

TBCHNIQUB OP PLTWOOD •— By Chmrit 0. 
Nnrrie. Teebnical informatien on all phases of ply* 
weed manufacture and use, eempiled for engineers, 
deeigners, and nsera of plywood. Important to 
many phases of wartime housing and maaufaetnring 
prehlems. 99*90 

fUNDAMENTALS OP RADIO — By /nrdnn, 
O$tmrbr09kt Bumphmry, mnd Sm 0 by. With this 
one volume alone, and with some diligence of applies- 
tioo. It ia possible to obtain a thorough grounding 
in radio principles, la theroughneas of Ueatment, 
with doe respect for the needs of the reader, this 
book is outotanding. 99.10 

POPULAR MATHEMATICS— By Dmnning MiUmr, 
Anodyne for those who have mathematical indiges- 
tion. Ground treated Is arithmetic, geometry, algebra, 
analytical geometry, trigonometry, conie sections, 
solid geometry spherical trigonometry, calculus. The 
coverage is not complete; it is rather, a collateral 
book—and good friend. 93.85 

ELEMENTS OP ORDNANCE — A textbook pro* 
pared for cadets of the United States Military Aead- 
eaiy. Covers maaufaeiure, the ehemistry of sxploeiveB, 
types of weapons, mathematlea of halliatics. etc. 

99.90 

AIRCRAFT INSTRUMENTS — By Gmmrgm Ellis 
Irwiis. All types of instruments lor aircraft use de> 
aerihed for atudenta, pilots, inspeetora. Pundamentals, 
Inatraetiona. 99.10 


MARINE DIESEL HANDBOOK — By UuU R. 
Ford, M,A. A compendium of dau on design, 
construction, and operation of the marine Diessd 
engine with chapters covering applications, prin* 
ciples, types, fuel ia|ection systems, lubrication, 
supercharging, and so cm. 97.99 

MACHlNERrS HANDBOOK— EleoeisiA EdUUm 
**Bible of the mechanical industry,*' enlarged to 
1815 pages of latest standards, data, and Information 
required daily In the shop and drafting room. 

99.10 

PROCEDURES IN EXPERIMENTAL PHYSICS — 
By John Strong, FhJB» A wealth of useful dau of 
a practical kind for the eonstruotor, experimenter, 
and skilled craftsman. 99.00 

STEEL SQUARE POCKET BOOK — By Dwight 
Lm Stoddord* Practical methods of nsing the oar. 

? eater's steel square for layout work of all kinds. 

Ime-tried methods used by two gensrations of ear* 
penters and found both rapid and accurate. 91*00 

NORTON'S STAR ATLAS AND TELESCOPIC 

HANDBOOK — By Norton mnd InglU. An old 
standby and most commonly used atlas for ulescopea 
without setting oirclea. It maps and 68 pages of 
eempaet notes and tables. 99.00 


WORKING WITH THE MICROSCOPE — By 
iutimn D. Corrtngton* For the serious beginner. 
Explicit, practical. 98.90 


TOOL MAKING By C. 0. Cole. Inatruetions for 
making and using all kinda, from personal tools to 
arbor presses, lathes, planera, etc., in difierent metals. 

99*90 

THE ELECTRON MICROSCOPE — By Burton 
ond KoM, A well-written account of this newest 
tool of scienoe, with all technicalities explained for 
complete understanding by averags persons. 98.99 

ENCYCLOPEDIA OP KNOTS AND FANCY ROPE 
WORK — By Grmnmont mnd IfensoL More knots 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of. 
8257 knots are illustrated ia half-tone reproduction 
and are described in the test. 99.10 

A mathematics REFRESHER — By 4. 

Hooper, Prepared mainly to refresh aviation 
trainees whose high school mathematics Is rusty. 
Scope — arithmetic through calculus. 92.60 


PLASTICS, PROBLEMS AND PROCESSES- By 
Mmn$porgor mnd Poppmr, The whole story of plas- 
tics, including a reaume of manufaoturing procesaea 
and a number of thorough-going chapters devoted to 
plastic uses. 98.19 


AUTOMATIC ARMS — By Meioln M, Johneon 
mnd Ckmrlma T* Hmooum Comprehensively covers 
machine guns, machine rifles, sub- machine guns, 
pocket pistok, shotguns, sporting, military rifles in 
automatic classification. 99.19 


BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS, Practical working manual for 
commissioned, non-commiseioned officers. 9.99 


HANDBOOK OP CHEMISTRY AND PHYSICS — 
A classic reference book recently revised and brought 
up'io-date to keep pace with recent research, la* 
eludes material on all branches of chemistry, physics, 
and allied sciences. Used in laboratories and by 
engineers throughout the country. Flexible binding, 
2508 pages. 99.19 


ATOMIC ARTILLERY — By Mn Kmliook 
Robertson, Electrons, protons, positrons, photena, 
neutrons, and cosmic rays, aU described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificial radio* 
activity. 99.99 


arguments and summarizes others’ argu- 
ments extremely well, though without 
enough unemotional scienthc detach- 
ment Essentially, this is a fascinating 
scientiiic detective story. (344 pages, 654 
by 9J4 inches, 141 illustrations.) — $5.10 
postpaid. — A,G.L 

SPORTS PHOTOGRAPHY 
By Lh WaHf 

A brisf^ easily mastered text for sports- 
men who want to achieve that thrill- 
ing action in their photography which 
adds so much to the finished result An 
understanding of the requirements is 
reached without resort to obscure techni- 
calities. (184 pages, 6yi by 9yi inches, 109 
sports photographs.) — $2.60 postpaid.— 
J.P.C. 

RADIO FROM START TO FINISH 
By Frinklln M. Raok 

M ISLF.ADING though thc title of this book 
may be to those who arc searching 
for a comprehensive text book, the author 
has traced in narrative form the progress 
of radio from the early work of Maxwell 
and Hertz through thc developments 
made by Marconi, Fessenden, Alexander- 
son, and others, to broadcasting and mili- 
tary uses of radio as we know them today. 
Another error of the title: We are far 
from thc finish of radio. (160 pages, 654 
by 954 inches, a number of outstandingly 
good photographs.)— $2.10 postpaid.— 
A.P.P. 

ELEMENTS OF FOOD BIOCHEMISTRY 
By PstersBiii Skinner, and Strang 

T ext for undergraduate courses, cover- 
ing carbohydrates, fermentation food- 
products, acidity, lipides, proteins, mineral 
elements in nutrition, water, vitamins, 
enzymes. This is a technical, not a popu- 
lar, book and it assumes familiarity with 
organic chemistry. (291 pages, 6 by 9 
inches, 30 illustrations.)— ^.10 postpaid. 
—A,GJ, 

BASIC MATHEMATICS FOR PILOTS 
AND FLIGHT CREWS 
By Nawsom and Lnrsan 

T his little book gives precisely the 
mathematics a pre-flight cadet must 
be able to use: Review of arithcmetic, 
algebra, proportion and variation, graphs, 
mensuration, angular measure, scales, 
vectors, circular slide rule, trig. Problems 
and answers. (153 pages, 5 by 7 inches, 
39 illustrations.)— $2.10 postpaid.— /.P.C. 

TABLE TENNIS 
By Jay Purvn 

A FORMER world’s champion describes in 
comprehensive and concise text thc 
fundamentals of successful table tennis. 
(82 pages, 6J4 by 954 inches.)— $1.10 
postpaid.— /.P.C. 

RADIO TROUBLESHOOTER’S HANDBOOK 
By AHmd A. Qhlrirdl 

N ine sections of new material have 
been added to this third revised edi- 
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BOOKS 

tion of a book that is considered as 
standard by many radio service men. It 
covers trouble shooting, adjusting, and 
repairing home, portable, and auto re- 
ceivers as well as automatic record 
changers of all types. (744 pages, 8^4 by 
lVy4 inches, a tremendous number of 
drawings, diagrams, and tabulations. 
Completely indexed.) — $5.10 postpaid.— 
A.P.P. 

THE STUDY OF THE PHYSICAL WORLD 
By Gheronltv Partont, and Ronntbarg 

S CIENCE survey courses, for which this 
is a text-book, exist to give incoming 
college freshmen a rapid sweep of all 
the physical sciences. Since such courses 
are relatively superficial, the text-books 
make good reading for scientifically-in- 
clined adults who want to make a similar 
sweep without too much study. This one 
covers a broad field. (898 pages, 6 by 9 
inches, 467 illustrations.) — $3.95 postpaid. 
— ^.G./. 

THE RADIO AMATEUR’S HANDBOOK— 

2001 EDITION 

A lmost 500 text pages plus an adver- 
tising section comprise the latest edi- 
tion of this well-known standard reference 
book in the radio field. (6^ by 91/2 inches, 
a large number of drawings and photo- 
graphs.) — $1.00 postpaid. — A.P.P. 

ATOMS, STARS, AND NEBULAE 
By Qnidbirg and Allar 

O NE MORE of the “Harvard Books on 
Astronomy” which are appearing one 
by one and which, together, will consti- 
tute a “shelf’ covering that science. This 
volume is an elementary astrophysics 
treatise, for which there has been much 
need. It is neither light nor too formidable 
for readers already familiar with treatises 
on elementary astronomy. (323 pages, 
5^ by inches, 151 illustrations.) — 
$2.60 postpaid. — A.GJ. 

AUTOMOTIVE MECHANICS— I. 

By Glaranet 0. Bargar 

W RITTEN to meet the first half of the 
Preinduction Training Course in Au- 
tomotive Mechanics, the text of this book 
covers, in simplified form, types of ve- 
hicles, chassis and body, power unit, power 
train, and cooling system. (166 pages, 
6H by inches, over 100 illustrations.) 
—$1.20 postpaid. — J.P.C* 

QEOMORPHOLOQY 
By Normaii E. A. Hinds 

G eomorpholocy is the modern, four- 
dollar scare-word for simple old-fash- 
ioned physical geology — that part of 
geology which explains the evolution of 
the earth’s surface, the landscape. Tliis 
is an easily understood, elementary text- 
book treatise of the modern type (pur- 
posely interesting instead of studiously 
dull) from which the average reader out- 
side of the campus can learn to interpret 
the earth features he sees about him. 
(894 pages, 5^ by 9 inches, richly illus- 
trated.) — $5.15 postpaid. — A.GJ. 
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Wartime Building Construction . . . . 


4.00 

2.00 

Home Guard Training Manual .... 

. LaUgdon-Daviei 

2.50 

1.75 

Home Guard Fieldcraft Manual . . . 

. Langdon-Daviei 

2.50 

1.75 

German for Chemista 

De Vrie* .... 

3*00 

1.50 

Chemical French 

.Dolt 

4.00 

2*00 

Technical Analysis of Ores and Metal- 



lurgical Products 

.Hill* 

3.00 

IJO 

Reinforced Concrete Construction . . 

. Cantell 

3.00 

1.50 

Embalming Fluids 

. Mendelsohn 

4.00 

24)0 

Hair Dyes . . 

. Redgrove .... 

5.00 

2*50 

Magnesium dC Its Alloys 

. Haughton . . . 

1.50 

J5 

Leather Finishes 

Mudd 

4.25 

2.25 

White Shoe Dressings 

.John 

4.25 

2J5 

Canning Practice dC Control 

. Jones 

10.00 

5.00 

Pordand Cement 

. Meade 

10.00 

5.00 

Asthma 

.Vender 

IJO 

.75 

Catarrh 

.Vander 

IJO 

.75 

Photography for Profit 

.«Nett«r 

2.00 

1.00 

Air Raid Defense 

.Wachtel 

3.50 

2*00 

Civil Defense 

. Glover 

16.50 

8.25 

Physical Chemistry 

. Mee 

10.00 

6.00 

Short Organic Chemistry 

. Taylor 

4.00 

2.50 

Properties of Matter 

. Shorthose 

3.00 

1.75 

Portrait Photography 

. Williams 

6.50 

4*00 

Varnish Making (A Symposium) . . 


64)0 

3.00 

Book of Diamonds 

. Hershey 

2.00 

1.00 

Technology of Solvents 

.Jordan 

10.00 

5.00 

Utilization of Fats 

.Dean 

6.00 

3.00 

Chromosomes 

.White 

1.50 

J5 

Structure of Metals dC Alloys 

Hume-Rothery 

1.75 

1*00 

Insulin ... 

. Howitt dC Hill 6.00 

4.25 

Weather Prediction .... 

Lester 

4.25 

2.50 

Rancidity in Edible Fats 

Lea ... 

. 4.00 

2.50 

Textile Testing 

Skinkle . . . 

. 3.00 

1.75 

The Cyclotron 

Mann . 

. 1*50 

1.00 

Proctor’s Leather Chemist’s Pocket-book ... . 




Atkin . . . 

6.00 

4.00 

Fruit Pectins 

. Hinton . . 

1.75 


Cosmetic Formulary 

Bennett . 

3.75 

2J0 

Food Industries 

.Vulte ec Van 

- 



derbilt . . . 

. 3.50 

1.75 

Overseas Trade 6C Export Practice . 

, MacEvan . . 

. 5.00 

3.50 

Study dC Teaching of Spanish . 

Peers 

3.50 

2.50 

Preparation of Plantation Rubber 

Morgan 

. 8.50 

6.00 

Scientific Appliances 

Darling 

. 3.25 

1.25 

Jute and Substitutes 

Chaudbury 

8.50 

6.00 

Coal Tar Colors 

Clarke 

3.75 

2.25 

Qualitative Analysis . .... 

Moodey . . 

4.00 

2.50 

Ideas of Physical Chemistry 

McKay 

. 6.00 

3.50 

Thermionic Emission 

Jones . . 

. 2.25 

1.25 

Inorganic Chemistry 

. B jerrum 

. 4.50 

2.75 

(To above prices add 10 cents domestic postage for each book* 

For foreign postage add 35 cents for each book*) 


For Sale by 
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A Monthly Deportment for the Amateur Telescope Maker 
Conducftd by ALBERT G. INGALLS 

idifor th« SdofiHUc Amorlcan bopke "Amcdpwr TpImcopp Mokinfl*' 

•Ad "AmoHur ToImcopa MidiiA0— AdvoACod" 


N OW AND then this department learns 
of a telescope mirror which, while 
its performance on the stars apparently 
is not affected, exhibits under the knife- 
edge the entire outline of the lap on 
which it was cold pressed. George 
A. Kennedy, mining engineer, of Denver, 
before he died, described a mirror figured 
for him by C. S. Walton, 5975 W. 44th 
Ave., Wheatridge, Colo, (after a very 
noted old optical firm in New England 
had re-figured it for $100 and done a 
botch job). The lap had often been left 
for many hours on the mirror, under a 
seven-pound weight. At the end of figur- 
ing, the Foucault test made clearly visible 
the pattern of the lap. ^Tt does not seem 
to interfere in the least with the excellent 
performance of the mirror on the stars,” 
Kennedy wrote. Yet his curiosity was 
aroused. 

A. W. Everest commented as follows: 
“Fve seen pitch that would etch glass, 
and I know of several cases where ordi- 
nary city water ate a hunk right out of it. 
Leo Scanlon has a mirror that looks like 
a perfect pitch lap under the knife-edge 
test, yet with a perfect visual polish. He 
blames it on the water in the Mononga- 
hela River. Kennedy's, however, sounds 
like that other monster, pitch flowing into 
the glass, with long pressing. Glass mole- 
cules are rather loosely packed, and pitch 
will readily flow in between them if the 
water film is missing. When the lap is 
removed, generally only after a fight, this 
pitch is sheared off and stays there, mak- 
ing the pattern of the lap harder than the 
rest of the surface. You can’t see it at 
first, but, since this part of the surface 
polishes slower than the rest, about the 
time you think you are finished, there the 
thing will stand out in relief under the 
knife-edge test Several hours’ hard pol- 
ishing would cut through this hard 
skin.” 

“Why, however,” Everest continues, 
“does anybody press any lap more than 
an hour or so with only enough weight to 
get it into contact? The lap doesn’t fit 
the mirror ten seconds after you start 
to use it, anyway.” I See Everest’s chapter 
on advanced mirror making technique, in 
“A.T.M.A.”— Ed.l 

Referred to Kennedy, these comments 
elicited the following: “The lap was 
never in contact with Uje glass dry for a 
moment Also, acid f^ifelling would seem 
ta, be the most protfable answer if the 
image on the glass were all criss-crossed, 
because of the -numerous times the lap had 
been replaced in a different position dur- 
ing pressing and polishing. But it is not 
The lines of the facets are all clear and 
unbroken.” 

This appears to eliminate the effect 
described by Everest, in connection with 
this particular mirror, but the effect, with 


its odd cause, is well worth remembering. 

The correspondence was shown to Leo 
Scanlon, who passed it to Dr. Lee Devol, 
at the Mellon Institute of Industrial Re- 
search, who is interested in glass. He 
commented as follows : “Glass does many 
strange things which we have not yet 
learned how to explain. I do not believe 
any of us can say exactly what took place 
in the transfer to the glass. We do Imow 
that glass is readily attacked by different 
chemicals. Even pure water can be guilty 
of the attack. There was moisture in the 
lap, together with a large number of com- 
pounds whose action it would be impos- 
sible to predict. The remaining surface 
may be more resistant to polishing be- 
cause it is harder, or because it is more 



Figure 1: Sub-focetted lop 


resistant to chemical attack by the water 
in the rouge, or it may be that the chemi- 
cal nature of the glass surface is such that 
it is less inclined to attach itself to rouge 
than it would have been before exposure 
to the lap. In this case there should be, 
for the portion of the glass which has 
been covered by the lap, a lower coeffi- 
cient of friction in polishing.” 

Well, so what? This: We have hypo- 
theses but no final answer. Can anyone 
else provide the definitive one in this 
odd puzzle? 

O nion sack or any kind of coarse- 
mesh netting may be used for cold- 
pressing sub-facets, or facetettes, into the 
ordinary facets of a pitch lap (Figure 1). 
This has long been common among pro- 
fessionals. There is no mystery about it 
and it is simple to do. The fabric (wet) 
is laid on the pitch lap, and the mirror 
is then laid on the fabric, and cold press- 
ing is done as usual. 

Commenting on the use of onion sack, 
Cyril G. Wates, Edmonton, Alberta, says, 
“I wouldn’t go back to the plain lap. You 
can lift the mirror right off the sub- 
facetted lap with no suction at all. The 
objection, sometimes heard, that the 


facetettes soon press out seems without 
much foundation. They remain after 24 
hours’ cold pressing (without weight). 
I also find them a complete remedy for 
the mottled effect known as ‘dog biscuit.* ” 
F. B. Ferson, Biloxi, Miss., who also 
uses onion sack, says, “My experience is, 
as Wates says, that the facetettes take 
quite a long time to press out. I like 
facetettes from onion sack because the 
lap seats almost at once. I use common 
onion sack from a grocery store — first 
washing it, of course. The lap hardness 
and pressure of polishing govern the sink- 
ing speed of facetettes. They should sink 
out in not over two hours of actual work 
of polishing by hand.” 

Your scribe years ago used marquisette 
for the same purpose. If you don’t know 
this word, ask the feminine side or, 
simpler still, yank down a window curtain 
(justified, of course, in the name of sacred 
science). Figure 1 shows a 6" lap with 
facetettes pressed in with some such ma- 
terial, as used by H. Lynn Bloxom, 1425 
Fourth Ave, N., Fort Dodge, Iowa. 

A s IS WELL-KNOWN, after several years’ 
effort to teach his invention, Ac 
HCF lap, perfect manners, A. W. Everest 
decided that it probably would never be- 
come a true smoothie. He, therefore, re- 
vised his chapter on the HCF lap in 
“A.T.M.” (4th ed.), recommending its use 
through the polishing and gross figuring 
stages alone, and a pitch lap for final fig- 
uring. The reason for this was the un- 
even surface texture HCF gives. 

Others found that HCF will not always 
make a perfectly fitting lap: It is often 
rather inflexible. William A. Rhodes, 
1206 E. Garfield Street, Phoenix, Ariz., 
obtains a perfectly fitting HCF lap by 
softening the beeswax tetrahedrons with 
radiant heat and pressing before they cool. 

First, the tool is primed by rubbing 
pieces of HCF or other beeswax into its 
pits. Next, the HCF is applied, the mirror 
laid on it, and the protruding HCF 
trimmed off. 

Then, with a bowl type of electric floor 
heater, the lap is warmed to the exact 
temperature “at which, by touching the 
very edge of the HCF with the finger, it 
will feel as if about to collapse, but no 
higher.” Rhodes points out that, if car- 
ried a whisker higher, it “will suddenly 
disintegrate into a puddle even before one 
can withdraw the lamp. What is wanted 
is a mushy condition.” 

In the meantime the mirror has been 
warmed, and rouge mixture has been 
swabbed on it. 

The warm mirror is placed imme- 
diately on the lap and loaded with about 
ten pounds extra pressure, and the two 
are left, to cool to room temperature. 
“Instead of the tetrahedrally embossed 
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HCF surface it will look as if buckshot 
had been pressed into it This gives 50 
percent added surface at the start of pol- 
ishing and the surface will fit the mirror.*' 

This, of .course, is now essentially a 
plain beeswax lap, not an HCF lap, but 
many prefer beeswax laps anyway, and 
this is one way to make one. 

Rhodes roughs out his mirrors with 
crushed steel and makes a separation of 
glass particles from the particles brushed 
oflF the tool, for re-use, by means of a 
magnet, which picks up the steel grains. 
These are then pulled off the magnet by 
hand. 


and move the head until it shifts to the 
mirror’s edge. If the bulb appears to 
flatten just before its image, runs over the 
edge, the edge is turned down. If it ap- 
pears to be sucked over the edge, the edge 
is turned up. 

Grace finds this test more delicate than 
the eyepiece test — which, however, isn’t 
nearly so sensitive, according to Harold 
Lower, as the Ronchi and diffraction 
tests, especially if the eyepiece is a cheap 
one. But it would show a grossly turned 
edge, and such a test is useful to begin- 
ners who don’t yet feel sure of their own 
interpretation of other tests. 


T he following communication written 
by F. W. Bubb, Professor of Applied 
Mathematics at Washington University, 
St. Louis, Mo., appeared in the Journal 
of the Optical Society of American (Vol. 
32, p. 400), and is related to the note on 
page 319, “Amateur Telescope Making” 
(Prof. R. W. Wood’s experiments). 

“It is well known that a liquid rotat- 
ing in a vessel with constant angular 
velocity develops a central cavity in the 
form of a paraboloid of revolution. Such 
a liquid surface formed upon mercury 
was used by Professor R. W. Wood as 
the reflector of a telescope. 

“The thought naturally comes that, if 
one could solidify a liquid after rotation 
had been set up, one might get a very 
perfect parabolic mirror — possibly of 
great size and of any desired focal length. 

“A number of synthetic resins are now 
available in liquid form, which harden 
into solids upon heating. Some of these 
solids are remarkably strong, having a 
tensile strength of about 15,000 pounds 
per square inch. 

“May it not be possible to rotate a ves- 
sel containing one of these liquids, heat 
it while maintaining the speed of rotation 
constant, and thus harden the plastic with 
its perfect parabolic cavity? Such a sur- 
face could Aen be coated with a reflecting 
metal film. 

“Certain questions arise as to the prac- 
ticality of this scheme. Would the rather 
high viscosity of these liquids permit the 
parabolic surface to form before harden- 
ing sets it? After hardening begins, docs 
the volume of the plastic change — thus 
altering the shape of the surface? Will 
evaporation from or absorption of mois- 
ture into the body of the plastic alter 
the shape? Might not these objections— 
as well as those which others will find — 
be overcome?” 

Your scribe referred this question to 
some of those in charge of the 200-inch 
tejescope. It will be recalled that, before 
using glass for the mirror, a variety of 
other substances were carefully studied. 
It proved that the trouble with this idea 
was the “mosaic” structure that forms 
on the surface of the synthetic resins. 

T est for turned down edge on a mir- 
ror is offered by William M, H. Grace, 
Jr., 304 S. Foster St., Dotham, Ala. Place 
the mirror on edge on a table so that the 
image of a naked lamp bulb, behind the 
observer, appears on it. The lamp bulb 
should be far enough from the eye (via 
the mirror) to appear about one fourth 
the mirror’s diameter. Look at the image 


T hermal effects caused by evaporation 
of the water used in polishing are ex- 
plained by Everest in “A.T.M.A.” page 
27. To obviate this, J. R. Haviland sug- 
gests a trial of Prestone or a saturated 
solution of magnesium chloride and water 
— ^neither of which liquids will dissolve 
pitch or wax and, being non-volatile, will 
not evaporate. 

S harks who can handle optical design, 
including its mathematical equations, 
will find in the May number of the Jour- 
nal of the Optical Society of America a 
IS-page article by W. M, Stcmpel of 
Stevens Institute of Technology, entitled 
“An Empirical Approach to Lens De- 
sign.” The design of a Huygens eyepiece 
is the example used for setting forth this 
empirical method. 

H ave you a copy of Conrady’s “Ap- 
plied Optics and Optical Design” 
which is not at present in use, and 
which you will be willing to place in the 
hands of war production workers in op- 
tics who need this book? It is now (tem- 
porarily, we hope) out of print and ap- 
parently unobtainable anywhere. You 
could probably obtain from sale whatever 
you originally paid, even for a worn copy. 
Other books on optics are out of print, 
one being Martin’s “Applied Optics” 
which, it is said, will not he reprinted for 
the duration. 

N ew book entitled “Prism and Lens 
Making,” by F. Twyman of Adam 
Hilger Ltd., England, embodies that au- 
thor’s lifetime experience in this work 
and will soon be reviewed in this maga- 
zine. It contains much that would interest 
precision opticians in any kind of produc- 
tion .(Advance notice.) 

T ropical sky maps are not common. In 
an English scientific journal (Nature, 
March 27, 1943) we discover a brief list- 
ing as follows : “Watson, H. E., compiled 
by. The Tropical Sky; maps of the con- 
stellations visible in the latitudes of the 
West Indies, Guianas, Nigeria, E. Africa, 
Ceylon,* Malaya, etc. (5® to 10* N. or 
thereabouts) and of the planets and Solar 
System, showing how and where to iden- 
tify them in the starry background. Pp. 
27 plus three maps. Georgetown, British 
Guiana, Daily Chronicle, Ltd., 1942. 3s 6d. 
net.” These maps are not available from 
Scientific American, and interested read- 
ers must order direct from the publishers. 
We have not seen the maps. The above 
are all the data we have concerning them. 
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COMPLETE HIQH-QRADE^KITS 
OUR SPECIALTY 

Each kit hat two glass discs 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
(fewer may not give perfect 
optical surface), rouge, in- 
structions, FREE ALUMI- 
NIZED DIAGONAL, etc. 

POLISHING and PARABOLIZING 

MIRRORS, all sizes made to order. 

4'' Kit . . $2.95 (Pyw, $4.00) 

6" Kit . 3.75 (Pytwt, 5.50) 

8^' Kit 6.50 (PVmx, 8.00) 

10'' Kit 10.00 (Pyr«K. 15.00) 

12" Kit 15.00 (Pyrex, 25.00) 

ALUMINIZING 

A harder and brightar aluminum coating that la 
uniform and producaa a lasting and auparior 
fleeting aurfacau Guaranteed not to peal or bllatar. 

6” $2.50 

0” $340 

10" $840 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUB 

THE PRECISION OPTICAL 00. 

loot East lOOrd Straat, 

Ntw Yarki N. Y. 


ACHROMATIC LENSES 

A limited number of achromatic lenaea of the 
following alEes, suitable for RFTfe. oolllmators. 
telescope!, achromatic condensers, etc. ara avail- 
abla while they last, 
l— 11/10* dlam. ‘ ■ 

30' fl.-l0.00 ea. 

4«i' “ - 4 00 
6(2' " - 4 00 ” 

0(4' - 4.00 " 


2—3/10' dlam. 3(4' dlam. 

1(4' fl -04.00 ea. 0(4' fl.-OO.OO ea. 

8(2' '• - 8.00 " 


7.00 ' 


10(4' 

One pair simple 
3(4' efl Huygealan eyepieea 
(field lens 1(4' dlam.) $3.00 we. 
ALUMINIZIKO AS USUAL 

LIROY M. E. eUUSINO 

asm Um.!. Av... China., III. 


TELESCOPE 

MAKERS 

S uaUty materials of the RIQHT kind, 
lit;— Glass, abrasives, pitch, rouge, 

instructions 

N8SBYGRAFS-.INF0RMATI0N— INSPE 
We offer you the benefit of our 34 years 
of esperlmoe at this hobby. Send for frto 

Ssh? ML Pieret, 11 Harvard St, Sprinofleld, Vt 


ECflON 


REFLECTING TELESCOPE KITS 
O UR SPECIALn 

(Snd lor .or NBW. ENLARGED, uid ILLUS. 
TRATBD cataiogua.) 

M. CHALPIN 

G-P,0. Box 207 , Ngw York, N, Y. 

30-POWER TELESCOPE 
KERN rSwIts) WYE LEVEL 

(INVERTED) 

• 14' long, finest Acromatic objeotlva. 

16/16' dia. 

a Rack * Pinion focusing aya place 

with Stadia Hairs (cross wlraa) Uniy 

• 6' graduated level vlaL . 

• Precise, solid silver, 4(4* dla. Circle. CC|| f|f| 
graduated 300* in ( 4 *. Vernier to 1 #n||«lHl 
minute: micrometer adjustment and 

screws. Sun shade A dust cap, Os case. 

• Tripods $10 extra. 

Thete Are New Instrumente^Nerer Used! 
Remit with order. Shipped Express Charges Collect. 
Only 14 Uftt There will go fa$t. Pir$t come, 
first served! ** Doubting Thomases** send 104 ior 
descriptive photos. 

UADDV ^ tsborstory Apparatus 

nnRRI nUOw 68-70 Wnt Broadway. N. Y. C. 
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Ounen of 

•AMATIUR TILESOOtl MARIIir 

who have been Intteii deeply by the 
hobby bog of glass poshing will find 
a competent guide to advanced mirror 
tedmkioor fiat making, eyepiece work, 
telescope drives, ahinilmaing, observ- 
atories, and many other aspects of 
the optical hobby tn the companion 
volume. 

“AMAIEURTELESCOPE 

MAKHS-ADVAMGED" 

This b a wholly different book 
from ‘^Amateur Teleseope Making.** 

650 pag§M 359 UlustrmHcm 

Ovif SOOjOOO wordt 

$5.00 postpaid, domestic 
$5.3$ foreign 

SCIENTIFIC AMERICAN 

24 West 40th St., 

New York 18, N. Y. 


15,000 
FORMULAS 
0 0 0 
1077 
PAGES 

0 o o 

IN 

HOPKINS’ 
^CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes Industrial 
laboratories find an invaluable 
source of reference material; many 
spare- and full-time businesses have 
been built up on one or more of its 
formulas; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wittes and liquors, inks, dyes, pol- 
bhes, paints and varnishes, adhe* 
sives, costnetks and ' antiseptles are 
cob a of fibe sactsons al this 
alhtadkisive book. 

postpaid (Domesdc) 

Iriler fnm 

HliinrirM 411111338 
24 West Mtft ttrlet, New York II, 11. Y. 


CURRENT BULLETIN 
BRIEFS 


(Tkg Editor wiil opptectaU it 
if you umt mtntiou Scigntific 
An^gricau whgn writing for any 
of thg publications Httgd bglow,) 

Dy-namic Balancing Machines is a 
loose-leaf booklet presenting condensed 
specifications for a line of floor and 
bench model machines designed for ac- 
curate balancing of rotating parts. Sup- 
plementing this material is a resume of 
the need for balancing certain types 
of mechanical equipment. Bear Manufac- 
turing Company, Industrial Division, 
Rock Island, Illinois. — Gratis. 

Wood Preservatives is an eight-page 
illustrated brochure directed toward 
constructors of laminated beams and 
arches as well as manufacturers of sash, 
doors, plywood, and other wood prod- 
ucts. The text explains the advantages 
of a complete series of low-cost wood 
treatments for protecting against moist- 
ure and fungi decay. I. F. Laucks, Inc., 
911 Western Avenue, Seattle, Washing- 
ton. — Gratis, 

Handbook on Education and the War 
is a 3S9-page book reporting statements 
made by heads of Federal war agencies 
which are concerned with education and 
symposiums held on 26 of the more acute 
wartime educational problems. Superin- 
tendent of Documents, Washington, D. C. 
—•55 cents. 

The Story of Lightning, a 24-page 
booklet, is an account of how *^thunder- 
bolt hunters” study and counterfeit light- 
ning in order to help improve electric 
service. Photographs of the equipment 
and of actual flashes of lightning are in- 
cluded. Bulletin GEB-124, Publicity De- 
partment, General Electric Company, 
Schenectady, New York. — Gratis. 

Lady, Will You Give a Lift? is an il- 
lustrated manual designed to provide a 
short cut method for teaching women to 
operate industrial ppwer trucks. In it the 
prospective operator is told how to run 
the truck, given pointers on how it should 
be cared for, and impressed with the im- 
portance of her job. ElwelUParker Elec- 
tric Company, Cleveland, Ohio. — Gratis. 

Unichrome Alkaline Copper Processes 
is a pocket sisc folder which describes 
a process of depositing copper with an 
unusually fine-grained, homogeneous 
structure, and with good adherence and 
smoothness., Advantages and applications 
of this coppqr plating method arc briefly 
described. United Qhromium, Incorpo- 
rated, 51 East 4?nd Street, New York, 
New York.--*^ratis, 

Machining Copper and Copper Base 
Alloys is a 32-pafe booklet which pre- 
sents condensed oh ,basiq ipachiihng 
operations, incl^R^g t^ rakes And eWr- 
ances as well a> Oittk^ speeds and fe^ 
Additional tabulations give physical con- 
stants, theoretical rod weights, and stand- 


ard specifications for copper qn^ copper 
alloy rods. American Brass Company, 
P. O. Box 790, Waterbury, Connecticut. 
— Gratis, 

Shall Research Be SoaALizsD? is a 
22-page analysis of the Kilgore bill, 
S.^ 702, entitled “a bill to mobilize the 
sci^tific and technical resources of the 
nation, to establish an office of Scientific 
and Technical Mobilization, and for 
other purposes.” National Association of 
Manufacturers, 14 West 49th Street, New 
York, New York. — Gratis, 

How To Make Your Safety Equip- 
ment Last Longer is a 32-page illus- 
trated handbook covering all ty^s of per- 
sonal ^ protective industrial equipment 
Practical “do’s and don'ts” serve as a 
guide for instruction of equipment users. 
Mine Safety Appliances Company, Brad- 
dock, Thomas, and Meade Streets, Pitts- 
burgh, Pennsylvania.— Gratis, 

Engine Design as Related to Air- 
plane Power is an 80-page lavishly il- 
lustrated booklet which attempts to ac- 
quaint the average person with a few of 
the problems involved in the design of 
military aircraft. Special emphasis is 
placed on engines and supercharging 
equipment. General Motors Corporation, 
Detroit, Michigan. — Gratis, 

Pedigree Insulating Varnishes is a 
36-page illustrated booklet describing 
the production of these varnishes and giv- 
ing brief summaries of their uses. A tab- 
ulation lists a number of coatings for spe- 
cific applications. The P, D, George 
Company, Saint Louis, Missouri, — Gratis. 

Colloidal Graphite is a 12-page folder 
which gives a most complete and up- 
to-date story of colloidal graphite and its 
usefulness to industry through application 
of its lubricating and other desirable prop- 
erties. Acheson Colloids Corporation, 
Port Huron, Michigan. — Gratis, 

Automatic Tube-Ice Machine is a 16- 
page illustrated booklet which describes 
a modern method of producing sized ice 
for refrigerating purposes in the food 
processing, food catering, and industrial 
fields. Henry Vogt Machine Company, 
Louisville, Kentucky. — Gratis. 

Laminated Arches and Beams is a 12- 
page illustrated catalog describing these 
types of units for a wide variety of struc- 
tural purposes. Unit Structures, Inc., 
Peshtigo, Wisconsin. — Gratis to construc- 
tors, engineers, architects, and draftsmen. 

Grain Size in Tin Alloys is a technical 
pap^ throwing interesting light on the 
part played by grain size in the physical 
properties of pure tin and its alloys. Tin 
Research Institute, Fraser Road, Green- 
ford, Middlesex, England. -^Gratis, 

The Redesigned 40-mm. Anti-Aircraft 
Gun Cariuage, by Dr. John L. Miller, 
is a technical report of the application 
of welding to thiR specific wartime joK A 
, number of .‘interesting tabulations 
comparison photographs are presented. 
Tames P, Lincoln Arc Welding Founda- 
tion, Cleveland, Ohio. — Gratis. 
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I — Previews of the Industrial Horizon — I 


HEAT WITHOUT HEAT 

Indicative of the many ways in which the science of elec- 
tronics is invading industry is the article on electrostatic and 
electromagnetic heating on page 103. Starting as a laboratory 
stunt only a few years ago, electronic heating is now speed- 
ing many processes involving both metals and non-metallic 
materials. Despite its high cost, compared with other heat- 
ing methods, electronic heating is finding more and more 
applications where its advantages outweigh its cost. When 
heat must be closely confined to a limited area, when parts 
to be heated are relatively inaccessible, and in many other 
instances, electronic heating comes to the fore. It will 
blossom to an even greater extent when consumer-goods 
manufacture once more gets underway and the lessons that 
have been learned in war-time production are turned to 
pursuits of peace. 


WHEBE MASS IS IM NOTIOM 

Optimistic indeed is the post-war outlook for aluminum 
and magnesium and alloys employing these two light metals. 
With a projected production of over a million tons of alumi- 
num annually by the end of 1943, and correspondingly large 
amounts of magnesium, there will be productive capacity 
available that will bring aluminum into poundage com- 
petition with copper, and not too far behind iron and steel, 
when all phases of the situation are considered. Watch 
uses of aluminum and magnesium zoom, particularly for 
vehicles where physical masses have to be moved by horse- 
power, as well as in building construction and the electrical 
industry. Peace-time applications of the light metals will 
even surpass many of the present optimistic predictions. 


STEEL IS MOT ASLEEP 

Regardless of the advantages that light metals hold in many 
applications, let there be no thought that they are going 
to capture markets from older materials without a struggle. 
Steel, for example, is just as alive to post-war possibilities 
as the light-metal industry and is busy planning for the 
future. Alloy steels are being developed today far beyond 
the wildest dreams of only a few years ago. These alloys, 
tailored to measure for special jobs, will find uses from 
which they cannot be dislodged. The final balance in the 
metals field (as far as it can be reached this side of Utopia) , 
will find each metal in its best place, with the ultimate con- 
sumer as the greatest beneficiary of research. 


A SIIN-DEEP METAL 

A NOTHER phase of the metals situation, which will have far- 
reaching effects in the machine-tool industry as well as in 
other lines where hard surfaces are needed for one reason 
or another, concerns the rapidly expanding uses of industrial 
chromium plating. See page 112 for details. Boring and mill- 
ing tools, cylinders and pistons, bearings and dies are all 
feeling the impact of the development of the hard, smooth 
surface made possible by a plating of chromium. The results 
so far indicate possibilities for the future that will embrace 
many metal fields where plating has never before been used. 


CHEMICAL BUBBEB 

Ro MATTER which side of the picture is looked at, the tre- 
mendous development of the synthetic rubbers is going to 
have a lot to do with consumer goods in post-war days. 


A, ?. 


An idea of the vast possibilities of man-made rubbers may 
be gleaned from the article starting on page 115. That the 
work which has been done so far, and which will result in 
an installed capacity in excess of prewar natural rubber 
consumption, will have its effect on natural rubber produc- 
tion in the future is a fact that cannot be overlooked. The 
properties of some of the synthetics are such that they can- 
not only replace natural rubber in many uses but can do a 
better job in certain respects. 


NATUBAL BUBBEB 

Some post-war planners in the rubber field are advocating 
a return to the importation of natural rubber from its former 
sources and the development of new natural sources in the 
Western Hemisphere. Arguments are usually based on mat- 
ters involving wages and standards of living in the areas of 
rubber production. This, of course, brings into the picture 
comparative costs of synthetic and natural rubbers and poses 
questions which only time can answer Incidentally, rubber 
from guayule, golden-rod, and so on appears slated to remain 
in the experimental stage for some time to come. Syn- 
thetic rubber sources have been developed more rapidly than 
nature can produce rubber in these plants; hence synthetic 
has become the rubber of (at least) the duration. 


TBAMSUCEAMIC FLIGHT 

Ir AND WHEN the Armstrong Seadromes (see page 118) pro- 
vide stepping stones across the Atlantic, some ideas about 
transoceanic flight will have to be revised. The flying boats 
of the present are designed for long flights with large loads 
of fuel; the planes which use the Seadromes will be land- 
planes and need not be burdened with as much weight in 
gasoline. Greater pay loads will be possible when the 
oceanic stepping stones are available, and the air transport 
industry will be able to compete on a more stable basis with 
other forms of transportation. 

In the same vein there must be considered the possibilities 
of glider trains for transoceanic freight and express. The 
epic flight of a towed glider across the Atlantic, announced 
early in July, has already blazed another aerial trail. Coupled 
with recently developed methods of picking up gliders from 
the grotmd while the towing plane is in fli^t, this aerial 
transportation system holds possibilities limited only by the 
resourcefulness of engineers in the aircraft industry 


MOBE MEWS ABOUT PLASTICS 

Rylon has gone all-out for war, as the ladies of the nation 
know only too well. All of this synthetic material now goes 
into parachutes, tire cords, and other military requirements. 
As with many other products, however, rese€u*ch continues 
apace and now it appears that the basic nylon will find un- 
usual applications in the plastics field after the war. 

With the highest softening point and the greatest tough- 
ness of any of the thermoplastics, nylon plastic promises to 
overcome many of the disadvantages of thermosetting plastics 
while retaining their advantages. Tlie previous upper limit 
at which thermoplastic materials will soften has been about 
280 degrees, Fahrenheit; nylon will not soften until heated to 
450 degrees. 

Other properties of nylon plastic that will be found useful 
in post-war design include extreme toughness even in thin 

(Please turn to page 135) 
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50 Years Ago in . . . 



Condensed from Issues of September, 1893 


ALUMINUM— “A new process for obtaining aluminum from 
its oxide includes chemical combinations heretofore sup- 
posed to be impossible. . . , The discoverer of this process 
and his Duluth associates say they can produce pure 
aluminum at a price considerably below that of any of the 
electrical processes, and cheaper, bulk for bulk, than copper. 
The native clay is useless. In fact, the only available 
mineral for the purpose is bauxite, which is an impure 
oxide of aluminum.*’ 

GAS POWER —“For a given tank capacity and with carbonic 
acid and air stored at the same pressure, the (liquefied) 
carbonic acid is capable of developing four to five times 
more power than compressed air.” 

EARLIEST MAN — “Scientific men are agreed that the human 
race did in some way arise from some inferior animal form — 
not necessarily monkeys. The transition may not have been 
gradual, but abrupt — evolution per saltum. We do not find 
the ^missing link*; it is still missing; it may be forever 
missing.” 

CORINTH CANAL — “The Corinth ship canal, connecting the 
Gulf of Lepanto with the Aegean Sea, was formally opened 
on July 29. . . . The canal is three and nine-tenths miles long 
and the minimum depth is 25 feet, while the average breadth 
is 100 feet. A bridge crosses the canal about a mile from the 
west end and is 230 feet above the water level, so that 
vessels can pass freely.” 

DUST ENGINE— “A novel motive power engine has been in- 
vented, based upon the fact that very finely divided carbon, 
floating in the air, readily explodes, and to adapt this to the 
generation of motive power the inventor proposes to grind 
coal to an impalpable powder, and, after introducing the 
dust floating in the air into the cylnder of an engine, ex- 
plode it, the idea being to follow very much the same lines 
which are being so thoroughly developed in the use of gas 
in engine practice.” 

SAFE FARMING —“Secretary Morton reminds the croakers 
that only about 3 per cent of all the merchants escape failure, 
whereas hardly 3 per cent of the farmers fail. The statistics 
really show that agriculture is safer than banking, manufac- 
turing, or railroading, taking all things into account” 

TIN — “At the tin mines of the Maliwun Peninsula in the 
Mergui in the extreme south of Burma, there are two tin 
smelting houses, where during the smelting season seven 
hundredweight of tin can be smelted in a day by each fur- 
nace with four or five men.” 

WORLD'S FAIR— “Such a profusion of electric lights. as one 
sees in the buildings and on die grounds of the World’s Fair 
has probably never been viewed by mortal man before. . . . 
Arc and incandescent lamps are everywhere. The white 
buildings reflect the lights and make the scene as bright as 
day. On those nights when every lamp is burning, the 
electric fountains playing, and fireworks are shooting up 
fror^ the lake, the scene is almost beyond description.” 

DISMAL POINT — “In both France and Germany one-fourth 
(^) reduced to a decimal is written as 0,25; in England it 
is written 0*25 (always with the period at the top of the 
line), and in the United States in this way, 0.25.” 


RIFLES — “Breech-loading rifles were invented in 1811, but 
did not come into general use for many years. It is estim- 
ated that over 12,000,000 are now in actual service in the 
European armies, while 3,000,000 are reserved in the arsenals 
for emergencies.” 

SWEET— “Sucrol is the name given to paraphenetal carbam- 
ide, a harmless substance of deliciously sweet taste, produced 
by adding a solution of potassium cyanate to muriate of 
amidophenetol. ... It has no influence on the circulation, 
respiration, or digestion, nor on the nervous system in 
general.” 

PLATING— “In no branch of the electroplaters* art has there 
been so much progress made in recent years as in that of 
copper plating. With improved solutions and methods, 
copper plating is becoming a more important industry every 
day.” 

POWER— “In Auburn, Me., Mr. Charles Dunn, one of the 
most progressive brick manufacturers in New England, has 
arranged an electric motor to do the work of horses in 
grinding. . . . Other New England manufacturers are 
adopting the use of electricity in their plants, and with 
such excellent results as to premise the opinion that it will 
soon become universal.” 

TESTING — ‘The exhibit of Tinius Olsen & Co. at the World’s 
Fair includes a new autographic and automatic testing 
machine which registers up to 100,000 poimds; a new 
torsional testing machine which will test bars up to two 
inches in diameter and sixteen feet long; a cross section 
testing machine for cast iron; a wire and band iron testing 



Olsen testing machines at the World's Fair 

machine, which was largely used in testing wire for the 
electrical department; a cement- testing machine, etc. Mr. 
Olsen has invented — and patented — a great number of 
improvements in testing machines and instruments. . . . The 
firm also make instruments for indicating the point of elastic 
limit, a duplex micrometer measuring instrument, etc.” 

FLASHLIGHT— “Aluminum, if employed in the form of bronze 
powder, is equal to magnesium as a source of light in taking 
photographs by flashlight, and is much cheaper than the 
latter.” 

MANUFACTURING— “The United States is now the leading 
manufacturing country in the world. We have far out- 
stripped all other nations in the magnitude of our industrial 
operations. ... In the United States we have scarcely laid 
the foundation for our future greatness. In natural re- 
sources we are richer than all of Europe.” 

TIRES— “The requisites of a good rubber tire: The envelope 
must be strong enough to stand a pressure of sixty pounds 
to the square inch, and at the same time of such lightness 
as to allow the air in conjunction with it to act as a per- 
fect cushion.” 
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"IT OUGHT TO GET A WAR MEDAL” 



This little tube can’t help you smell. But it can help 
you talk, see and hear. Right now, it helps direct guns, 
planes, ships. It ought to get a war medal. 

It has given birth to a new art called Electronics. 

In 1912 in the Bell Laboratories, Dr. H. D. Arnold made 
the first effective high-vacuum tube for amplifying 
electric currents. 

Vacuum tubes made possible the first transoceanic 
telephone talk by the Bell System in 1915. 

Vacuum tubes are now used on practically all Long 
Distance circuits to reinforce the human voice. 


That’s why you can talk across the continent so easily. 

Over 1,250,000 electronic tubes are in service in the 
Bell System. Bell Laboratories developed them. 
Western Electric made them. 

But both Laboratories and Western Electric are busy 
now with war — turning out tubes and putting thftm 
to work in many a device to find and destroy the 
enemy on land, in the air, and under the sea. 

After the war, this Bell System army of tubes will 
work in thousands of ways for peace. 

BiLL TELEPHONl SYSTEM 



HELP THE WAR BY MAKING ONLY VITAL CALLS TO WAR-BUSY CENTERS. THAT’S MORE AND MORE ESSENTIAL EVERY DAY, 
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An Important Message to 


Technical Men 


The war has carried the manufacturing 
age to a new peak! Produaion demands 
have created technical problems the like 
of which the world has never seen be- 
fore! The services of engineers are at a 
premium. Especially the services of one 
particular class-executive engineers— 
engineers with business training; engineers 
who can **run the show.** 

In these critical times, the nation needs 
engineers of executive ability now, today 
—not five, or ten years £rom now! The 
shortage of such men Is acute— even 
more acute than that of skilled produc- 
tion workers. And company heads, aware 
of this situation, are offering high rewards 
to engineers who have the necessary 
training in industrial management. 

Golden Opportunity 
for Engineers 

In this new era, the engineer with 
vision and foresight has a golden oppor- 
tunity. He will realize that out of today’s 
tremendous production battles wUl 
emerge technical men who not only will 
play a major role in winning the war, 
but who also will be firmly entrenched in 
keyexecutive positions when peace comes. 

However, before the engineer can take 
over executive responsibilities, he must 
acquire knowledge of the other divisions 
of business— of marketing, accounting 
and finance. He has of necessity a vast 
amount of technical training and expe- 
rience. But in order to grasp the oppor- 
tunities that present themselves today— 
to assume leadership on the production 
front— he must also have an understand- 
ing of practical business principles and 
methods. 

The Alexander Hamilton Institute's in- 
tensive executive training can give you 
this essential business training to sup- 
plement your technical skill. 


FREE help for engineers 

Ever since the war beaan, there has been an 
uAisually heavy demand on the part of our 
technically-trained subscribers for the Insti- 
tute's special anide on ''How to Prepare an 
Enaioeerina Report”. Extra copies of this 
practical, helpful 72-pa^e Guide are now 
available and, for a limited time only, will 
be sent free to all technical men who use the 
coupon at the riaht. 



134,000 men on the operating side of 
business have enrolled for this training. 
More than 37,500 are technical men— 
engineers, chemists, metallurgists— many 
of whom are today heads of our huge 
war industries. < 

This training appeals to engineers be- 
cause it gives them access to the thinking 
and experience of the country’s great 
business minds. It is especially valuable 
to such men because it is basic, not spe- 
cialized-broad in scope, providing a 
thorough groundwork in the fundamen- 
tals underlying all business. It covers the 
principles that every top executive must 
understand. It applies to all types of in- 
dustrial organizations, because ail types 
of organizations are based on these same 
fundamentals. 

Business and Industrial 
Leaders Contribute 

t'he Institute’s training plan has the en> 
dorsement of leading industrialists and 
business men. And it is only because 
these high-ranking executives recognize 
its value and give their cooperation that 
such a plan is possible. Among those 
who contribute to the Course are such 
. men as Frederick W. Pickard, Vice 
President and Director, E. 1. DuPont de 
Nemours & Co.; Thomas J. Watson, 
President, International Business Ma- 
chines Corp.; James D. Mooney, Presi- 
dent, General Motors Overseas Corp.; 
Clifton Slusser, Vice President, Goodyear 
Tire and Rubber Co. and Colby M. 
Chester, Chairman of the Board, General 
Foods Corp. 

Send for 

“FORGING AHEAD IN BUSINESS” 

The faas about the Institute’s plan and 
what it can do for you are printed in the 
64-page book, ’’Forging Ahead in Busi- 
ness”. This book in its own right is well 
worth your reading. It might almost be 
called a handbook of business training. 
It is a book you will be glad to have in 
your library, and it will be sent to you 
without cost. Simply fill in and mail the 
attached coupon today. 


Alexander Hamilton lasdtate. 

Dept. 35, 73 West 23rd Street, New York, N. Y. 

In Canada, 54 WellJogtoo St, West Toronto Oot 
Please mail me a copy of the 64-paze book— 
"FORGING AHEAD IN BUSINESS" and also a 
copy of"HOW TO PREPARE AN ENGINEER- 
ING REPORT," both without cost 

Name 

Business Address 


Position 

Home Address a 


“INDUSTRY CALLED in science 
years ago to solve its technical prob- 
lems. The constant succession of 
improved and new products, together 
with the extraordinary advances in 
mass production and lower constxmer 
prices over a long period of time, 
marks the success of ^s idea.” David 
Samoff, President, Radio Corporation 
of America, 

u u n 

**THE NEW projects which duPont 
will be ready to launch when the war 
is over, together with increased outlets 
for existing products, are expected to 
give rise to an alUHme high in peace- 
time employment by the company.** 
Lammot du Pont, chairman of the board 
of the £. I. du Pont de Nemours 
& Co. 


a u a 

“IT SEEMS inevitable that the 
American people will want to con- 
tinue at least standby operation of 
these [synthetic rubber] plants, just as 
they will want to retain air bases and 
battleships.” John L. Collyer, President, 
B. F, Goodrich Company. 

u u n 

“IT WOULD BE helpful if the 

metallurgists would be less willing to 
look for metallurgical causes of fatigue 
and insist that equally competent ex- 
amination for mechanical causes be 
made. Until this is done, we cannot 
hope to make full use of our engin- 
eering materials** J. O. Almen, of Gen- 
eral Motors Research Laboratories 
Division. 

ti a n 

“I HAVE a solid conviction that 
trademarks and advertising have served 
the American people well, and by 
maintaining consistently high quality 
have won the consumers’ approval. 
Imperfect as our system is, I prefer 
it to government control, standard- 
ization and any form of regimentation.” 
Representative Charles A, Halleck, 

u It tt 

*'THERE IS GOOD reason to believe 
that soon after the war, television will 
begin to realize its high promise. The 
technical accomplishments prior to 
Pearl Harbor demonstrate that tele- 
vision network operation is already 
practical, and undoubtedly much of 
the recent work in the field of elec- 
tronics will directly or indirectly con- 
tribute to the further improvement of 
the art.** T. A. Kennally, Vice-Presi- 
ident, Philco Corporation. 

II u II 

“TODAY EVERY oil-producing area 
in the United States except the Texas 
Gulf Coast and West Texas is produc- 
ing close to or in excess of its max- 
imum efficient rate.” D. R. Knowlton, 
Director of Production' of P. A. W. 
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Electrooics’ Brightest Star 
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W HO ever heard of popping corn 
without heat? Up until a few years 
ago, no one had, and when a group of 
electrical engineers demonstrated this 
unheard-of feat, everyone seeing the 
actual event was highly impressed; but, 
having seen it, how many saw that in a 
few years the basic phenomenon in- 
volved would be helping the war effort 
and pointing toward tremendous post- 
war possibilities? 

The initial demonstration, reported 
in Scientific American, consisted in 
placing the pop<corn grains in a glass 
beaker and then placing the beaker on 
a support between two large metal 
plates which were a part of a high- 
frequency electron tube oscillator. The 
pop-corn absorbed energy from the 
electrostatic field to which the grains 
were subjected, this energy appeared 
as internal heat, and soon the grains 
were popping away inside their con- 
tainer without the slightest visible ap- 
pearance of heat anywhere near the 
beaker. 

Popping corn by high-frequency heat 
is not a highly uceful matter; but heat- 
ing and drying food, plastics, lun>ber, 
rubber, and textiles, are exceedingly 
practical examples of this new and 
rapidly expanding use of electronics. 
So new is this application that no one 
is willing to wager how far into indus- 
try it will go, but anyone who bets 
on the short side is sure to lose his 
money. 

High-frequency heating really started 
when engineers working on shqrt-wave 
transmitters contracted artificial fevers. 
This was something new — the fact 


that living tissue in the vicinity of a 
high-frequency oscillator got warm, 
although the surface evidenced no rise 
in temperature. From this discovery 
came the many diathermy machines so 
widely used by hospitals, physicians, 
and clinics, and even rented out to 
people to use in their homes. This, 
however, was just a start. Heat treat- 
ing by the use of high-frequency in- 
duction or by electrostatic fields has 
become fairly common since then and 
IS bound to be as bright an application 
of electronics as welding control by 
electron tubes has become in the short 
space of a few years. 

There are two general methods of 
utilizing high-frequency apparatus for 
heating. Metallic objects are best heated 
by placing them in an electromagnetic 
field such as is created when electric 
currents flow through a coil of wire. 
If only the surface of the object is to 
be heated, one technique is used. But 
if the interior is to be heated without 
any rise in surface temperature, an- 
other technique is required. In either 
case the heat is always under the con- 


trol of the operator, and there is no 
transfer of heat as there is from flames 
or ovens. 

If the object is a non-conductor, like 
a plastic — or like tlie pop-corn grains 
— then electrostatic heatmg is utilized. 
The object is placed between the plates 
of an electrical capacitor. The object, 
therefore, becomes part of the dielec- 
tric of the capacitor, and since the 
material out of which the object is 
made is not perfect, some of the energy 
flowing through it is absorbed and 
appears as heat. 

The equipment for heating by high 
frequencies is, to all intents and pur- 
poses, nothing but a tube oscillator 
similar to that employed in a radio or 
broadcast station. It consists of a recti- 
fier to convert commercial frequency 
power into direct current and an os- 
cillator to convert this power into 
alternating current of the frequency 
desired. Some installations are as pow- 
erful as the biggest broadcast station 
now in existence; others, of course, 
are much smaller. The frequencies re- 
quired vary from 15 kilocycles (Just 
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above the range of the hu- 
man ear to hear) to 50 
megacycles (six meters 
wavelength) . This latter 
frequency is in the very 
high-frequency region now 
employed by television and 
FM stations and for other 
communication piuposes. 

From the standpoint of in> 
dustry, the great virtues of 
this new kind of heat are 
as follows: The heat is gen- 
erated directly in the object 



Needless to say, plastics 
manufacturers look to this 
application of electronics as 
a great boon not only for the 
time-saving factor but for 
betterment of product as 
well. After the war, civilian 
goods made of plastics will 
be manufactured much fast- 
er than with older methods; 
the products will be more 
uniform, they can be made 
cheaper, and much larger 
mol^gs can be manufac- 


itself; no transfer of heat is Any moteriol eoa be heated by pladag It within on A.C. tured. Moldings as heavy as 

involved, as is the case with electric lleUI ond applying sniftelent current Field may be 50 pounds are possible with 

open flames, hot plates, hot either eleetromognetic (cdO or electroetotle (condenser) present equipment, 

air, and older methods. As- In the electronic plastic 

sociated apparatus need not be heated eighth of an inch in thickness, impreg- process, a preform or rough shape of 

as is true with an oven — - only the nated with a phenolic resin and then the plastic article is placed between the 

object itself need get hot. The surfaces dried. Then a phenolic glue is applied plates of the electronic equipment and 

of the material need not be afiEected as and the sheets are stacked, hand given a pre-heating treatment before 

is the case with flame heat. There need clamped, and placed in a kiln to tack the material is plac^ in the mold. This 

be no heat loss to the surroundings the glue sufficiently to hold the sheets, rough preformed **piir’ becomes uni- 

and thus the people who work with Next the stack is placed on a carving fon^y heated from the inside-out 


the equipment have cooler working 
conditions. No gases are involved and 
thus the likelihood of corroded sur- 
faces, always a possibility when gases 
are present, is eliminated. F\trthermore, 
the material can be heated from the 
inside-out and not outside-in as is 
necessary when the object is heated 
by placing it in an oven or by flames. 
Finally, the apparatus is exceedingly 
flexible so that objects of unusual size 
or shape or even ph 3 rsically inaccessible 
can be heated. 

I T IS no wonder, then, that industry 
is looking with greedy eyes at elec- 
tronic heating as a sign of progress. It 


machine which brings them to the re- 
quired form. This form is placed be- 
tween the plates of the high-frequency 
oscillator and power is applied to heat 
the entire preform up to the required 
temperature. Finally the assembly is 
placed in a die where it remains for 
three or four minutes. The propeller 
comes out in finished form without the 
undesirable surface hardening which 
resulted from previous methods using 
steam plates. 

Before RCA engineers, co-operating 
with the Camfield Manufacturing Com- 
pany, developed this process, a finished 
propeller represented an investment of 
24 hours of time. Now the job can be 


through all its thickness. This plastic 
preform, when transferred to the mold, 
flows easily to all the comers to produce 
a finished, strong plastic part with much 
less pressure and in less time. The time 
saving is evident when it is considered 
that seven minutes were required for 
a given article before electronics was 
applied. Now it takes a few seconds to 
preheat the article, and two minutes for 
molding and curing. In addition to the 
time saved, Bakelite engineers state that 
two other advantages are of extreme 
importance. These are: Plastic parts can 
be molded in thicknesses and sizes 
hitherto impractical with standard 
molding methods and conventional 


must be remembered, however, that 
high-frequency heat is not cheap heat. 
The method enables industry to do 
things quicker, or with accurately con- 
trolled or localized heat. Thus, for a 
somewhat higher cost, the manufac- 
turer in return obtains advantages 


done in 30 minutes. Thus a desirable 
saving in time was effected; but the 
added savings in' labor and press facil- 
ities are not an inconsiderable part of 
the benefits secured. 

Similar procedures are followed in 
making other airplane parts such as 


equipment. Existing molds and molding 
press equipment may be used to pro- 
duce plastic parts which, before the 
introduction of electronic molding, 
would have required a long wait for the 
manufacture of high-pressure presses. 


which he cannot get with older meth- propeller blocks, spars, ribs, wing struc- tto important has been the application 
ods. Radio-frequency heat may cost tures, and so on. So beautiful is the sur- 9 of electronic heat that one well 


as much as 6 or 7 cents per kilowatt, face of the wooden parts made by this versed in the field has stated that it is 


which is in the luxury class so far as 
industrial heat is concerned; but the 
other advantages often outweigh the 
higher costs. 

What practical <H>^ration8 can be per- 
formed with electrostatic heat? As a 
etarter, consider the manufacture of 
•compressed-wood airi^ane propellers. 
These are madp up of maple sheets an 


process that very little or no surface 
finishing is required. The end product 
is a wood block or veneered board so 
hard that it is practically impossible to 
scar it. Thus it seems to be distinctly 
possible that post-war products of 
electrostatic heating will be desk and 
table tops, flooring, art objects, and the 
like. 


the greatest single advance in plastics 
in 29 years. 

Now from these two examples it is 
not difficult to think of other applica- 
tions. For example, right now ^ere is 
great demand for dehydrated food as 
a means of saving shipping space, con- 
tainers, and so on. High-frequency 
heating is playing its part in this new 
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industry. Bakers have been 
interested in the possibility 
of making bread by elec- 
tronic heat and thus doing 
away with large ovens which 
have to be preheated and 
which must inevitably absorb 
and dissipate much wasted 
heat. The problem here is 
whether the public will buy 
bread which has been baked 
from the inside out, since it 
is almost certain to be with- 
out crust. Experiments in 
bread baking are well in 
hand, and practical applica- 
tions should not be long in 
coming into the open. 

Another application into 
which much research work 
has gone is the quick drying 
of lumber so that the time lapse from 
tree to useful boards is lessened. Curing 
tobacco is still another use for elec- 
tronic heat. 

All these applications utilize the phe- 
nomenon that imperfect dielectric ma- 
terials will absorb electric energy m the 
form of heat when placed in an elec- 
tric field. 

Now consider metals, which are not 
dielectrics and which require different 
treatment. Place one wi^in a coil of 
wire and through this wire pass an 
alternating current. Lines of force go 
through the metallic article, creating 
currents in the metal. Since the metallic 
article has electrical resistance, the cur- 
rents flowing in the articles heat up 
the material. Power is supplied to the 
object, in this case not by an electro- 
static field but by means of an eletcro- 
magnetic field. There are many applica- 
tions of this form of electronic high- 
frequency heating. 

Metals may be heat treated, hardened, 
brazed, melted, or soldered by this new 
method. Another application is the 
rivets, developed by Du Pont, which 
have in them an explosive. When placed 
where they are to do their work, which 
may be quite inaccessible, they may be 
made a part of an electromagnetic cir- 
cuit with the result that the explosive 
is detonated. In the explosion that fol- 
lows the rivet is expanded and thus set. 
Fifteen or 20 rivets per minute versus 
one or two in the same time are now 
possible. 

For another use of electronic heal 
consider the terminals on a small ca- 
pacitor can. At RCA 100 of these could 
.be done per hour by hand. Now a small 
blob of solder is placed on each terminal, 
then a loop of wire carrying high-fre- 
quency current is placed over the entire 



OourtMy BAkeiiU Oorpontlon 
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lot of terminals and all are soldered at 
one time. Now 2500 of them can be 
finished per hour. 

Thus far only a start on these new 
applications of electron tubes has been 
made. It is an auspicious start but it 
will be eclipsed by many things to come 
in the field of high-frequency heating. 

^ ^ 4 ^ 

PHOTO-nCCTBlC RELAY 
Adsfltd Id Batch Weighiaf, 

Nclcriaf, aid Ss Oa 

Designed by the United Cinephone 
Corporation, a light and compact two- 
unit photo-electric relay simplifies com- 
mercial and industrial operations which 
use pointer-and-scale type weighing 
devices for automatic control of proc- 
esses such as batching and container- 



filling. The relay is readily adaptable 
for use in connection with weighing 
devices and may, obviously, be em- 
ployed in conjunction with reasonably 
large meters used for measuring values 
other than weight. Construction is such 
that the relay may be applied externally 
to existing apparatus or incorporated 
within weighing devices or meters of 
the larger variety during manufacture. 

SPECTROSCOPB RCTECTIYE 
Qglekly Sorti T|ftt of 
Filanoat Wlros 

Increased production of high-power 
radio tubes being built at the Westing- 
house Lamp Division has been made 


possible by the development of a de- 
tector that automatically sorts filament 
wire to determine whether it is made 
of pure tungsten or contains thorium. 

The detection process consists of in- 
troducing a sample of filament wire into 
an electric carbon arc. As the wire 
burns completely, visible results are ob- 
served by means of a spectroscope. Two 
lines appear in the observed spectrum 
if the wire is pure tungsten while four 
lines appear if the wire contains 
thorium. 

ELECTROMIC SCUE 
Dtvflaptd fer Iht Bliai, 

Eat Olhar AppHcalitat 

For many years airplane pilots have 
been guided by radio. The pilot wears 
a pair of headphones, and hears a dot 
and a dash (the Morse code for the 
letter “A’) if he gets off course in one 
direction. If he gets off course on the 
other side, he hears the reverse or a 



Circuit of •Uctronic scale 


dash and a dot (Morse for ^‘N”). If he 
IS on course he hears both signals and 
they join to produce a continuous tone 
in his ears. This was a remarkably use- 
ful concept but it was confined to this 
one use, until recently. 

A scale suggested by a Buffalo blind 
woman and developed by the Toledo 
Scale Company, transmits a continuous 
tone to a pair of headphones when the 
weight of objects placed upon its plat- 
form exactly corresponds with any 
selected standard weight within the 
range of the scale. It sends the code- 
letter “A” when objects weigh less than 
the standard and the letter “N” when 
they weigh more. Obviously invaluable 
to the blind, the scale should also prove 
useful to people having normal sight 
where, for example, an industrial pro- 
cess requires weighing in the dark. 

A small, light metal plate is per- 
manently fastened to the pointer of the 
visual weight indicating device. Two 
“fixed” plates, insulated from each other 
and from a knob which permits them to 
be moved to a position corresponding 
with the desired standard weight, are 
positioned in close proximity to the 
plate fastened on the pointer. The three 
plates constitute a capacitor, with the 
pointer plate serving as the rotor. 

The capacitor is connected in a circuit 
as shown, the cam being cut so that 
two fixed contacts, connected to the 
fixed plates of the capacity in a branch 
circuit arrangement, are opened and 
closed in a dot-dash-dot sequence. 

The predominating code signal heard 
in the headphones will, therefore, in- 
dicate ‘ whether objects arc under or 
over standard weight. 
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I BUCKS rumbling through the streets 
■ of oil-starved Germany today are 
operating on methane gas, obtained as 
a by-product from municipal Mwage 
treatment plants. In Bradford, Eng- 
land, sewage disposal processes are 
yielding 500 tons weekly of vitally 
needed grease. In the United States a 
big steel plant is buying huge quantities 
of liquid effluent from a city sewage 


plant because existing industrial water 
supplies are inadequate to meet ex- 
panded output. 

These three examples dramatize what 
might be considered the ultimate in 
deriving salvage from waste. They 
focus attention on one of the least 
suspected sources of valuable “by- 
products” — the city sewage disposal 
system. 

Interestingly enough, it was not the 
war that led to the exploitation of sal- 
vage from sewage. For many years, 
while perfecting processes that would 
render innocuous the foul, water- 
carried wastes from city sewers, sani- 
tary engineers both in the United States 
and abroad have been intrigued with 
the possibilities of reclamation of sew- 
age by-products. In this country the 
prime objective of such activities has 
been to obtain revenue that would help 
to reduce operating expenses; modern 
sewage treatment plants are costly to 
build and to maintain. Abroad, where 
limited resources make conservation a 
national fetish, the objective has been 
to secure fullest utili^tion of waste. 

Most readily salvaged and the most 
widely used by-product from sewage 
disposal plants is dried sludge, valuable 
as a soil conditioner and fertilizer base 
material. Next in importance is the 
utilization of digestor gas — averaging 
about 70 percent methane — utilized for 
operating internal combustion engines 
and for gas heating. Other conserva- 
tion measures include the use of effluent 
for irrigation and industrial water sup- 
plies, and the recovery of grease. 
Meantime, investigations pointing to 
extraction of nitrogen, organic acids, 
growth-promoting substances, and the 
production of cement and ash are under 
way. 

To appreciate the nature and ai^li- 
cation of these salvage operations, it is 
necessary to review briefly modem 
sewage disposal practice. 

Water-carried wastes collected by the 
intricate network of sewers under city 
streets are either discharged into near- 


by streams (a practice that is no longer 
acceptable in the United States and 
which is being corrected) or brought 
together in a single conduit leading to 
a treatment plant. 

Basic functions of such a plant are 
to separate the solids from the liquid, 
and then to digest the putrescible solids. 
Sometimes the liquid (containing solids 
in solution and in suspension) is treated 


further by aeration or filtration through 
which most of the organic material is 
oxidized and thus rendered inoffensive. 

Some idea of the magnitude of the 
problem involved may be gained from 
the fact that in every ton (240 gallons) 
of sewage flow reaching a treatment 
plant, there is only about one pound 
of solids, but it is this small amount of 
putrescible material that must be re- 
moved by treatment. A little more 
than 25 percent of these solids settles 
out in the huge, concrete sedimentation 
tanks provided for this purpose. The 
balance remains with the liquid, either 
to be oxidized by a subsequent treat- 
ment process or discharged into a 
stream or river where natural processes 
of purification are active. 

The solids settled out in the sedi- 
mentation tanks are called raw sludge. 
This highly putrescible material is 
transferred to closed, heated (80 de- 
gress, Fahrenheit) tanks where an- 
erobic digestion takes place. During 
this process, which reqxiires about 30 
days, organic materials are broken down 
to yield a gas containing about 70 
percent methane. A stable residue re- 
mains, which can easily be dried. 

The dried, digested sludge, which 
resembles hiunus in appearance and 


texture and is free of any disagreeable 
odor, is widely used for soil condition- 
ing and has the properties of a low- 
grade fertilizer. Chemical anaylsis re- 
veals that it contains an average of 
2.25 percent nitrogen, 1.50 percent phos- 
phorous, and 0.70 percent potassium. 
This analysis does not, however, tell 
the whole story. 

Puzzled by the observed fact that 
sludge has far greater fertilizing poten- 
tialities than those indicated by simple 
chemical analysis, researchers finally 
discovered that it also contains minute 
quantities of “micro-nutrient” elements 
(boron, copper, zinc, manganese, and 
others) as well as certain growth- 
promoting substances (indole, skatole, 
and so on), which exert a powerful 
effect on plant growth. 

At many municipal sewage treatment 
plants the demand for sludge is now 
exceeding the capacity for its produc- 
tion. Farmers, florists, park depart- 
ments, and golf clubs find it ideal for 
their needs. Victory gardeners, too, 
are using it to advantage. Esthetic and 
health consideration rule out the use 
of raw or digested sludge on vegetables 
and fruits that are to be eaten un- 
cooked, but otherwise there are no 
limitations to its use. 

Some cities, of which Milwaukee is 
a notable example, have gone into the 
production of a high grade of fertilizer 
using sludge as a base. The Milwaukee 
product, known as “Milorganite,” is 
reinforced to provide a fertilizer con- 
taining 6.0 percent nitrogen and 2.0 
phosphoric acid, and is marketed 
throughout the United States and 
Canada. Chicago sells and ships huge 
quantities of dried sludge to Florida 
where fertilizer manufacturers use it 
as a base or “filler” material. 

The use of sludge gas for operating 
stationary internal combustion engines 
has won wide acceptance in the United 
States, the most recent survey in 1941 
showing the installation of 180 sludge 
gas engines. The majority of engines 
are under 500 horsepower but the range 
is from three to 1440 horsepower. They 
are used to generate electricity for plant 
operation and in many instances are 
directly connected to pumps and 
blowers. 

New York City, with a total installed 
capacity of 11,8^ horsepower, outranks 
all other municipalities in the use of 
sludge gas. One plant, at Coney Island, 
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produces 3660 horsepower; another, at 
Tallman’s Island, contains eight engines 
totaling 3840 horsepower, and the new 
Jamaica plant, which will soon go into 
operation, has three engines, each of 
1440 horsepower. 

Nearest competitor in size is the Mog- 
den plant in London, where ten engines, 
each of 675 horsepower, are operated. 

An estimate of the potential power 
production capacity of a city 
may be made on this basis: 

Per capita gas production 
from sewage solids digestion 
averages one cubic foot per 
day, which means that for 
every 17 persons there is the 
equivalent of one horsepow- 
er-hour of power. A city of 

50.000 thus would have a 
sludge-ga^ power capacity of 

00 horsepower-hours per 
day. 

Fuel value equivalents of 
i.ludge gas, which has an 
average calorific content of 
650 British thermal units per 
cubic foot, are listed as fol- 
lows in a report of the Amer- 
ican Society of Civil En- 
gineers' 1000 cubic feet of 
dudge gas = 1000 cubic feet 
of artificial gas = 590 cubic 
feet of natural 1100 B.t.u. gas 
1 := 6.4 gallons of butane = 5.2 gallons of 
gasoline = 4.6 gallons of Diesel oil. 

Cost of electrical energy derived from 
sludge-gas generating equipment is 
about 0.6 cents per kilowatt-hour. This 
is lower than the commercial rate of 

1.0 cent available to cities of 100,000 to 

200.000 population. 

Abide from the u.se of sludge gas in 
stationary engines, it also may be em- 
ployed in internal combustion engines 
in vehicles, Germany, lacking gacoline 
and anticipating leaner days ahead, 
demonstrated this years ago. 

In 1935, for example, about 100 trucks 
in the Ruhr district alone were equipped 
to UEe this gas for fuel. At least five 
cities had equipped their municipal 
vehie’es for such operation. 

Local sewage -treatment plants are 
the “filling stations” where the gas is 
compressed and stored in small cylin- 
drical steel tanks. Each tank holds 
rbout 500 cubic feet of gas at a pressure 
of 400 pounds per square inch. With 
three tanks of gaseous fuel a five- ton 
vehicle can travel about 225 miles. The 
cost of operation per 100 miles is $5.71 
using the gas, compared with $9.95 for 
oil. Necessary changes to convert an 
oil-operated engine for the utilization 
of gas are comparatively simple. 

In London during the last two years 
it is reported that sludge gas has been 
lightly compressed in special vapor- 
proof bags for the operation of motor 
vehicles. 

In this country the only city thus 
far th-'t has given serious thought to 
the Utilization of sludge gas for vehicle 
operation is Atlanta, Georgia. Studies 
made by Dr. Harold Btmger, director 
of the state engineering experiment 
station at the Georgia School of Tech- 
nology, reveal that conversion of all 
city motor equipment to compressed- 
gas operation would yield a net saving to 


this one community of $8000 annually. 

It was proposed that gas from one of 
the Atlanta sewage treatment plants 
should be compressed to 3000 pounds 
per square inch and stored in steel 
cylinders nine inches in diameter and 
five feet long, each cylinder holding 
14.5 pounds of methane. 

The idea was abandoned, however, 
when the city decided to bum the gas 


Removing dlgostod sludge lor sole os lertlllser 

for steam generation in the boilers of 
a nearby municipal waterworks. This 
practice is expected to provide a saving 
of over $6000 annually in fuel bills and 
is much simpler than would be the gas 
compressor and bottling procedure. 

Estimates show that, for a population 
of 100,000 people, from 180 to 365 tons 
of crude fats are present in the sludge. 
Generally, it is not, however, profitable 
to separate grease from sewage. The 
value — two or three cents a pound — 
hardly justifies the effort; furthermore, 
the grease can be digested with ease 
along with other solids and thus provide 
a' richer yield of sludge gas. 

In wartime, on the other hand, the 
value of grease is enhanced because it 
is a source of glycerine used in powder 
making, medicinals, and other needed 
products, and thus it is that New York, 



Mcmr modem eewoge plonte pro- 
vide storage lodUtfes such os this 
spherical tank in order to furnish 
a constant supply of gas lor engines 


Chicago, and several other cities are now 
intei-ested in grease recovery from their 
sewage disposal plants. In New York 
City, for example, the matter has ad- 
vanced to the point where contracts are 
being considered with private vendors 
for the sale of about 50 tons of grease a 
month. This grease has a glycerine con- 
tent of 5 to 4 percent, compared with 
the 10 percent obtainable from commer- 
cial fats. The array, too, is 
salvaging grease from the 
sewers at troop cantonments. 

In England, where fat 
shortages are more severe 
than here, grease from sew- 
age is playing a major role 
in the war effort. One plant 
alone — that at Bradford — is 
supplying 500 tons weekly. 
This, however, is an excep- 
tional case, because the Brad- 
ford sewage contains im- 
mense quantites of lanolin 
fat. The latter originates from 
washing wool, one fifth of 
the world’s production of 
which is handled in that city. 

Bradford began grease re- 
clamation as far back as 1903. 
The first year’s sales pro- 
duced $1220 revenue but in 
recent years the revenue has 
exceeded $400,000 annually. 
Grease removal is accomplished by first 
adding sulfuric acid to the sewage to 
crack soaps and precipitate the wool 
waxes. The resulting sludge is then 
heated and filter-pressed through cot- 
ton cloth. Liquid grease and water are 
discharged in the process, after which 
the grease is treated for removal of im- 
purities and then barreled. 

Incidentally, the pressed filter cake 
is dried in the open and then passed 
through a grinder to produce a ma- 
terial that finds ready sale as a fertilizer. 
The latter sells for $7.50 a ton delivered, 
and in peak years has produced rev- 
enues up to $68,000. 

In the semi-arid regions of the West 
and Southwest, the effluent (liquid) 
from sewage treatment plants is profit- 
ably employed for irrigation purposes 
at a number of places. However, sani- 
tary and esthetic considerations limit 
its use to crops that will not be eaten 
raw or to grasses used for cattle feed. 

One of the most interesting opera- 
tions of this kind can be observed at 
Vineland, New Jersey, near Philadel- 
phia, where a sewage farm has been 
operated for several years, following 
successful use of this scheme at nearby 
state institutions. The sewage from this 
town of 8000 people is first settled to 
remove the coarser solids and then dis- 
tributed over a 40-acre field by means 
of an underground tile distribution 
system. The soil at Vineland is a 
sterile, coarse sand well adapted for 
drainage but not suited to farming un- 
less irrigated and fertilized. Conditions, 
therefore, are ideal for sewage dis- 
posal combined with farming. Because 
of local commercial conditions, sweet 
com is the major crop. Soybeans and 
forage have also been produced with 
good success. 

A unique effluent reclamation opera- 
tion Is conducted at the Grand Canyon 
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of the Colorado in Arizona. Here the 
Santa Fe Railway uses highly purified 
effluent from a sewage treatment plant 
for industrial needs in its ^ops, for 
flushing toilets, and for lawn sprinkling. 
The sewage effluent is used in place of 
fresh water which would o^erwise 
have to be pvimped vertically 4000 feet 
from springs at the bottom of the can« 
yon, or else transported in tank cars 
from Flagstaff, Arizona. 

One of the most spectacular examples 
of effluent reclamation for industrial 
purposes has resulted from the war. 
A large steel mill, faced with a dwind- 
ling supply of ground water, and too 
far from an ample source of surface 
water, laid a pipeline to a nearby sew- 
age plant to obtain 40,000,000 gallons 
daily of effluent This provides enough 



Gen obtained from the treotment of 
sewage is used to drive the engines 
of these huge blowers la a dls* 
posol plont In New York City 

process water for expanded steel pro- 
duction and at the same time brings a 
nice financial return to the city, which 
heretofore discharged the plant effluent 
as waste in a waterway. At the agreed 
rate of sale the city will net about 
$24,000 annually. 

Taking advantage of the fact that 
diluted sewage effluent promotes the 
growth of plant algae and protozoa, all 
of which serve as fish food, the city 
of Munich, in Germany, found it profit- 
able to combine fish culture with sew- 
age disposal. The Munich sewage is 
first treated in sedimentation tanks to 
remove the settleable solids, and then is 
conducted to fish ponds covering a huge 
acreage of ground. The ponds are 
stocked with carp, a scavenger-type 
fish that displays great hardihood in 
polluted waters, and these are fattened 
for sale in local markets. 

City sewage salvage activities are not 
the only concern of the sanitary engi- 
neer; the salvage possibilities from the 
huge quantities ^ industrial wastes 
that now pour untreated into our rivers 
are equally important in many respects. 

These wastes are generally highly pol- 
lutional in character, thus making 
streams unfit for water supply, fisdi life, 
and recreational purposes. Legislative 
measures already taken, and a growing 
public resentment to such desnoiling 
of our streams, make it inevitable that 
industry must undertake this abatement 


on a far greater scale than heretofore. 

Strongest incentive for industry to 
provide treatment of its waste is to 
discover how this treatment can be 
made to yield sozne financial return in 
recoverable products that will help 
defray the cost Progress is being made 
in this direction. 

One of the clasdc examples of what 
can be done concerns its^ with the 
Com Products Refining Company at 
Argo, Illinois. For years this company, 
in co-operation with the sewage dis- 
posal experts of the Sanitary District 
of Chicago, has been engaged on the 
problem of reducing the pollutional 
load resulting from the processing of 
80,000 btishels of com daily. The pol- 
lution at first was equivalent to that 
from a population of about 400,000 
people. An improved settling process 
was evolved whereby enough solids 
were recovered to reduce the popula- 
tion-equivalent of pollution to 270,000; 
furthermore, in this, particular instance 
the reclaimed material produced an 
excellent stock feed. Later improve- 
ments, including the evaporation of 
washwater to a syrup that could be 
mixed with hulls and gluten solids, 
reduced the pollution to 75,000 popula- 
tion-equivalent and permitted the 
manufacture of more stock feed. Re- 
covery of this by-product has been 
profitable and has also eliminated the 
need for treatment measures that would 
have cost nearly $3,000,000. 

Ti^tment processes that yield a 
financial return and at the same time 
curtail pollution are being used with 
varying success in several industrial 
operations, including paper-making, 
sugar-beet processing, steel-pickling, 
canning, brewing, and chemical manu- 
facturing. Much remains, however, to 
be done. 

Industrial waste treatment for re- 
covery as well as for polution-abate- 
ment ranks as one of the most import- 
ant and challenging of our post-war 
problems. 

Considering the success that has 
crowned the salvage efforts of sanitary 
engineers and chemists in dealing with 
the dilute, heterogeneous wastes from 
municipal sewers, some '^miracles’’ in 
reclamation may be anticipated from 
the more concentrated and homogeneous 
industrial wastes. 

• 

WATU CMSUTATIti 
Nftkt4i sf Btidile iss 
Cnplsytl hf Iks Amy 

In an effort to curb wastage as well as 
to provide for most effective use of 
water where supplies are limited. Army 
engineers have been working on sev- 
eral water conservation schemes. 

One of these has resulted in the 
design of a communal lavatory for 
theater-of-operationa cantonments in 
whidi waste water from wash trouidi 
and showers is collected in a tank and 
used again for latrine flushing pur- 
poses. All waste water is drahied to 
a 1000-gallon capacity concrete tank 
located beneath me floor of the lava- 


tory, and when the tank becomes 
filled an automatic siphon discharges 
the water through an adjoining con- 
crete pit latrine; the outlet end of the 
latter is connected with the camp 
sewer system. Dual use of water 
for washing and flushing will result in 
a saving of at least 10 gallons per man 
per day, which for a large camp repre- 
sents a substantial amount. 

Laundry waste water reclamation 
has also been given attention. Proces- 
sing this waste water for re-use in 
washing laundry or camp equipment 
also is estimated to save about 10 gal- 
lons per day per man. The treatment 
process involves segregation of the 
laundry waste from other waste water, 
addition of a lime precipitant, floccula- 
tion with air, and sedimentation. 

NUMlTim STAiACI 
rsciUlalsi ky Dtsiga tf 
New, Essasalsil "Btskivts" 

Concrete “beehives” for munitions 
storage represent one of the innova- 
tions in underground storage facilities 
adopted recently by the army and 
navy. Developed by the Corbetta Con- 
struction Company of New York City, 
the patented design has been turned 
over to the federal government for use 
without restrictions as a contribution 
to the national war effort. About 2000 
of these structures have been built or 
are now under construction. 

Prior to December 1942, when the 
beehive design was proposed to the* 
army, munitions generally were stored 
in semi-cylindrical barrel-type con- 
crete igloos; the standard igloos are 
80 feet long, 26.5 feet wide, and 12 feet 
high. The berfiive, which resembles 
half a grapefruit resting on the cut 
side, is 52 feet in base diameter and is 
16 feet in height. In order to simplify 
construction, the dome-like structure 
is composed of a series of polygonal 
sides instead of being a true spheroid. 

Because it approaches a sphere in 
shape, the beehive is the most eco- 



Greotest vohime per unit of surface 


nomical form for a container, in that 
it provides the greatest volume of 
storage per unit of surface. Although 
the floor area of the beehive is just 
about the same as that of the staiidard 
igloo, the volume of the beehive is 
about 10 percent greater. Further- 
more, the beehive requires only 1300 
pounds of steel and 180 cubic yards of 
concrete as compared with the stand- 
ard i^oo, which requires 4200 pounds 
of steel and 217 ya]^ of concrete. 
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rUllDAIIEllTAL SCIEHCE 

Conducted by ALBERT G. INGALLS 


ALL tests for suitability of mate- 
rials for a given purpose and for 
maintaining standards, hanlness is the 
leader. 

Just what, however, is hardness? The 
man on the street has no difficulty in 
understanding the term, or so he sup- 
poses. Everybody knows the difference 
between a hard and a soft bed; hard, 
medium, or soft eggs; hard and soft 


cross the two blades and show that ours 
had a smaller indentation in its edge. 

When, in the beginning of the 19th 
Century, mineralogists wanted to classi- 
fy and identify their minerals, they 
found that the relative values of hard- 
ness was a great help. So arose a 
method perfected by Mohs in which the 
ability of one mineral to scratch an- 
other was made the basis of hardness 



What Is Hardness? 

Strictly SpeaUay. Iciracc Doesn't Tot Know. Thoro's N«ch Noro Pkiloso* 
phy to tko Sobjoet Than Moots tho Eyo. Wo Havo Tostors that Noas* 
wro Harfaess— or so Wo Think-— and than Wo Dofino Hardness on a Basis 
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woods. Our thumb has been an in- 
denter in testing fruit ever since we 
were able to eat an apple. “If you must 
pincha da fruit, pincha da cocoanut.” 

With all this emphasis on hardness, 
we still must confess that we do not 
know what hardness is. That is, if we 
require a specific definition — one ex- 
pressed like those for other physical 
qualities, in terms of fundamental units 
like length, mass, and time. 

By trial and error primitive man 
found that knives made of flint held 
their edge much better than other 
kinds of stone. They penetrated other 
materials much better than stone softer 
than flint. Man in the iron age found 
that, by various manipulations of his 
iron, he could make it (steel) harder 
than other samples. The soldier armed 
with a steel blade quickly found out 
that the blade of hardest steel had 
smaller “nicks” in the cutting edge 
when he crossed swords with his ad- 
versary. Thus there was borne in on 
man the Idea that the more resistant 
a body was to penetration by another 
body, the harder was the body offering 
resistance. Thus, like Topsy, there has 
“just growed” an idea that luurdness can 
be measured by some means wherein 
the resistance to penetration by some 
form of indenter would serve as the 
basis of hardness measurements. 

Reaumur, the man who wrote fasci- 
natingly about ants, evidently took the 
idea of the crossed swords and crossed 
two similar, triangular-shaped, pieces 
of steel and pressed the edge of one 
into the edge of the other. The piece 
showing the smaller permanent defor- 
mation of the two was the harder body. 
This was a procedure that many of 
us as boys carried out when we bragged 
that the steel in the blade of our jack- 
knife was better than the one poyiMSSsed 
by our friend, and we proceeded to 


measurements. Mohs used ten steps in 
his scale of hardness, beginning with 
talc as the softest and ending with 
diamond as the hardest. If a mineral 
scratched fluorite and was scratched by 
apatite it had a hardness number 4+ 
on Mohs* scale. On further considera- 
tion it will be seen that the scratch 
method is also a penetration method. 

These methods have been described 
because in our evolving process of 
hardness measurement we have ar- 
rived at a definition of hardness based 
on the method whereby we measure 
hardness (or at least we think we have 
been measuring hardness), instead of 

Snow Field 



Figure 1: Penetratton resistemee 


first defining hardness as a certain 
physical property and then proceeding 
to find means for measuring it. 

Th\is we have two 'definitions which 
are essentially the same: 1. Hardness 
is resistance to penetration by a given 
indenter. 2. Hardness is resistance to 
permanent deformation — ^from which it 
follows also that hardness is resistance 
to being scratched or penetrated by a 
moving Indenter. 

In the development of methods of 
hardness measurement, Brinell put on 
the final touch. Using a definite-size 
hardened steel ball as a penetrator, 
and a definite load, the diameter of 
the indentation is taken as the basis 
for hardness measurements. So far as 
penetration methods go, each instru- 
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ment for measuring hardness empha- 
sizes something different. One stresses 
load applied to the indenter, another 
the depth of indentation, others the 
shape of the indenter, and some the 
material of the indenter. 

Keeping the general method for the 
measurement of hardness in mind, we 
shall proceed now to ask: What lies 
back of hardness? What makes a bed 
hard or soft? How do we measure the 
hardness of cooked eggs, of butter, and 
of peaches? If our hip bones and 
shoulder blades do not penetrate the 
mattress on our bed, we say it is hard. 

If the butterknife doesn't slip through 
the butter easily, we say the butter is 
hard. Soft woods seem more porous 
than hard ones, and so are more pene- 
trable. Resistance to penetration seems 
to be the basis generally understood 
when measuring hardness. 

A snowplow, as it is pushed into a 
snowdrift, is a penetrator and we can 
ask: How hard is the snowdrift? We 
shall be within our rights if we say that 
its hardness is measured by the re- 
sistance offered to the penetration of 
the snowplow. We can also ask: What 
are the factors which determine the re- 
sistance to the snowplow? 

Figure 1 shows a double-winged 
snowplow pushing into a snowdrift. At 
least five factors influence the ease with 
which the plow pushed in: 

1. The angle between the two wings. 
The smaller it is, the easier the plow 
pushes in. 

2. As the edge formed by the two 
wings goes in, the snow crystals must 
be tom apart. Solid ice would, com- 
paratively speaking, be extremely hard. 

3. The snow crystals are push^ back 
over each other (intercrystalline fric- 
tion). The greater this intercrystalline 
friction is, the more difficult it is for the 
plow to penetrate. 

4. The entrance of the plow starts 
snow particles sliding over the surfaces 
of its two wings. This frictional force 
is a part of the resistance offered. 

5. There is a packing and compres- 
sion of the snow particles. This takes 
energy. 

F actors 1 and 4 are very much de- 
pendent upon the indenter and not 
upon the substance being tested. The 
thing we really are interested in is the 
separation of the particles of the ma- 
terial tested as the indenter penetrates 
it. 

Dealing then with a substance like 
steel, if we press a hardened steel ball 
into the surface of the test specimen, 
we And that the factors in which we are 
*most interested are those which we 
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call inter-atomic, and perhaps inter- 
electron, forces and are not much dif- 
ferent in effect from those in our case 
of the snow and snowplow. If no 
forces exist between the particles that 
make up a substance, then there can 
be little or no force of resistance to 
penetration by any indenter whatso- 
ever. 

A great deal of work has been done 
in studying the relations between hard- 
ness as measured by an indenter 
method and some of its other physical 
properties. Among those comparative 
stupes is that of the relation between 
hardness and the tensile strength of a 
series of steels (Figure 2). The tensile 
strength of a substance is its resistance 
to being pulled apart. This resistance 
to being tom apart has to do vdth the 
^^snow and snowplow*’ factors 2, 3, and 
5; with 5 playing a very minor part. 
The big factors, both in hardness test- 
ing and in measuring tensile strength, 
are 2 and 3; and therefore we see that 
hardness as measured by the Brinell 
instrument appears to be proportional 
to the tensile strength of the same ma- 
terial. This fits in with the idea of re- 
sistance to permanent deformation. A 
permanent deformation by the indenter 
of a hardness tester indicates that some 
of the particles have been tom from 
their neighbors and some have slid 
over their neighbors. The same holds 
true for tensile strength measurements; 
hence the relationship found in Figure 
2 . 

During the past 25 years X-ray 
analysis of crystals has opened to us a 
vast, new world. Von Laue and the 
Braggs were able to show us that the 
atoms in most substances are arranged 
in an orderly, crystalline manner. Take, 
for example, the ordinary salt we use 
in our food. Figure 3 shows how the 
sodium and chlorine atoms are laid up 
in an orderly cubic fashion in a crystal 
of salt. Let the black balls represent 
the chlorine atoms and the white ones 
the sodium atoms. The symbol for salt 
is NaCl. That is, one atom of sodium 
and one atom of chlorine form a mole- 
cule of salt, but which chlorine goes 
with which sodium atom to form the 
molecule? We don’t know, and there- 
fore to speak of a molecule of a sub- 
stance in the solid state is meaningless. 

Hence, when the indenter of a hard- 
ness test penetrates the surface of a 
salt crystal, it is acting for the most 
part against inter-atomic forces. Inter- 
molecular forces are meaningless. 

The inter-atomic bonds are, in the 
final analysis, the bonds with which the 
chemist is familiar, yet there is very 
little to say about the relationship of 
these bonds to hardness. This goes to 
show how little we know concerning 
hardness and how great is the need for 
basic research on it. 

Take, for example of inter-atomic 


bonds, the great hardness of the dia- 
mond. Why is the diamond so hard? 
We have at least two fairly good rea- 
sons. First, the carbon atom is small 
and so the distance between the centers 
of atoms is small, and (so far as we 
know) the inverse square law holds for 
the forces between them. Second, the 
atoms are tied together by very strong 
covalent bonds (sharing of electrons). 
The diamond has its atoms in a very 
tight and compact form. Figure 4 
shows the arrangement of the carbon 
atoms in a diamond. Each atom is at- 
tached to four of its neighbors by these 
covalent bonds, which gives it tremen- 
dous resistance to being “pushed 
around.” The arrangement of carbon 
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and silicon atoms in the abrasive com- 
pound, silicon carbide, which is almost 
as hard as diamond, is similar. 

The thing which seems to go with 
these bonds which hold the atoms of 
carbon together so tightly is the num- 
ber of electrons which flank the central 
nucleus of the atoms. If the outer zone 
is complete — that is, if it has eight elec- 
trons — that atom is an isolationist and 
doesn’t want to have anything to do 
with its fellow. This is not the case 
with the diamond atom. Carbon is a 
highly gregarious atom. Each atom has 
four electrons in the outer zone and 
these pair off with the electrons ot 
their neighbors, and it is these co-op- 
erating, covalent bonds which hold the 
diamond atoms so closely together and 
with such tenacity. 

On the other hand, copper has only 
one electron in its outer zone, no such 
strong bonds are formed between the 
atoms of copper, and so we find copper 
soft, malleable, and ductile. 

Size of atoms, and atomic bonds, are 
not, however the whole story of hard- 
ness. What has happened to a metal 
in which hardening has been increased 
by cold working? The atoms are still 
the same atoms as before the cold work- 


ing occurred. Hardness in a metal 
seems to depend upon the resistance to 
slip between adjacent atom planes. How 
can this resistance to slip be changed? 

In the first place what are atomic 
planes? We digress for four paragraphs. 

We have seen that, in salt, the atoms 
are laid up in an orderly cubic arrange- 
ment. If now the model is turned, a 
position will be found where the atoms 
appear to line in planes. In Figure 5 
is shown a model of calcium carbonate 
(CaCOs), or Iceland spar, turned so 
that its atoms line in a plane. There are 
certain planes in a crystal which allow 
the atoms to slip over each other more 
easily than along other atomic planes. 
We speak of them as “slip planes.” 

It must be kept in mind that the 
models in Figures 3 and 5 are ideal. 
In nature and as we manufacture 
crystals they are not so perfect. As an 
example, take the case of steel. It is 
crystalline, as are practically all other 
solids, but the piece of steel as it is 
furnished to us from the steel plant is 
not one complete crystal, as is our 
model. Steel may be represented by 
Figure 6, in which we see that the metal 
is made up of cubic crystals of steel 
(crystallites) whose cubic axes in one 
crystallite are not in the same direction 
as the others. As a whole, the crystal- 
lites are arranged in a hit-or-miss fash- 
ion, as shown. 

Now, what happens when the spheri- 
cal indenter of a hardness tester pene- 
trates a group of steel crystallites? The 
answer seems to be that the atoms 
composing the crystallites of steel are 
pushed around, or the slip planes in 
each crystallite become effective and 
the atoms move over each other along 
these slip planes. These slip planes can 
easily be seen under the microscope. 

If in any way we can alter the ease 
with which the slip planes operate, 
we can thereby change the hardness ol 
a solid. There are at least two distinct 
ways by which this can be done — first, 
by distorting the slip planes into curved 
or irregular surfaces and, second, by 
putting something in between the slip 
planes (figuratively speaking, throw 
grit in the bearings). 

Returning to the case of cold rolling, 
or cold working, of steel, in doing this 
we put strains into the crystallites, 
which distorts the atomic planes and 
thus increases the resistance to slipping. 
The result is increased hardness. The 
same slip can be impeded by dissolving 
in the metal other constituents, usu- 
ally metallic. For example, copper is 
alloyed with silver to make the latter 
hard enough for coinage. Figure 7 
shows what happens to the atomic 
planes — at the left, when the introduced 
atoms are larger than those into which 
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they are introduced, and at the right 
when the reverse occurs. 

Figure 8 shows this condition in an- 
other way. The straight lines are the 
positions of the original atomic planes, 
but when a foreign atom is introduced, 
all the neighbor atoms are pulled out 
of the former cubic arrangement and 
find themselves on curved surfaces. This 
impedes the movement of the slip 
planes. Further, in some cases it is pos- 
sible, by suitable heat treatment, to pre- 
cipitate the dissolved constituents 
throughout the structure, causing more 
distortion, as shown in Figure 9. Not 
only is there a distortion, but the dis- 
solved constituents thus precipitated 
act as a mechanical obstruction to the 
slipping of the planes, as shown in Fig- 
ure 10. 

Returning once more to our question 
about cold working of metal, the 
answer seems to be that, in the process 
of cold rolling, hammering, or drawing, 
distortions are set up and disregistry 
of atomic planes is produced by these 
mechanical processes which help to im- 
pede the slipping along these atomic 
planes. Finally, if the foreign atom in- 
troduced is too small, it may just get 
in between atomic planes as in Figure 
11, and we have “grit in the bearings.” 

When carbon is added to iron, it is 
interesting to see how little of it (less 
than 1 percent) is necessary to increase 
the hardness many fold. 

It was stated earlier that hardness 
depends on inter-atomic, inter-elec- 
tronic forces, and thus far we have dealt 
with forces of the inter-atomic variety. 
From here on we shall deal with inter- 
electronic forces. 

As far back as 1847 Joule made the 
interesting discovery that a steel rod 
would change its length when subjected 
to a longitudinal magnetic field. Later 
it was discovered that other ferromag- 
netic substances changed their dimen- 
sions in a magnetic field. Figure 12 
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Upper right: 
Figure 14 


Lower right: 
Figure IS 



shows how various ferromagnetics 
change their length for various field 
strengths. Joule, in describing his dis- 
covery, made the significant observation 
that, the harder the steel was, the less 
was the increment in length of the rods 

Following this notation of Joule’s, the 
writer found in studying the relation 
between magnetic increments in length 
and the hardness of a series of steel 
rods, that the two went hand in hand 
(Figures 13 and 14). Furthermore, if 
we take for granted that the softer the 
steel rod is, the greater is the increase 
in length of the rods, then, as Figure 
15 shows, by reversing the magnetic 
fields on a piece of steel several times 
and then measuring its change in length, 
the increment of length increases with 
each series of field reversals. That is to 
say, by magnetically working a piece 
of steel it is softened. This point of 
view was confirmed by Herbert using 
his pendulum hardness tester. 

Even with what we already know 
about hardness, much basic research 
remains to be done on the subject. One 
of the best places to get such work 
done is in the industries and in the de- 
velopment of research laboratories in 
industry. The firm or management 
which had only just a little edge on 
their competitors in the knowledge of 
what lies basically at the root of hard- 
ness would have the jump on those 
competing against them. 

Whatever hardness testers measure, 
the fact remains that their ability 
to show whether a structural piece of 
steel or aluminum qr some other metal 
is suitable for a given purpose is out- 


standing. They will tell at once whether 
the quality of a certain consignment of 
steel is up to specifications or not. They 
give most valuable information regard- 
ing such properties as tensile strength, 
but wouldn’t it give a great impetus to 
the whole subject if we could reallv 
define hardness? 

^ ^ ^ 

COLDCN BOD 
Expsrimsaltl PlaBlingi 
Hava Bata Camplalad 

U nder the program authorized by 
Rubber Director William M. Jeffers, the 
Forest Service has planted selected 
strains of goldenrod on about 550 acres 
in the vicinity of Waynesboro in Burke 
County, Georgia. Small experimental 
plots of two to ten acres were planted 
by the Bureau of Plant Industry, Soils, 
and Agricultural Engineering in South 
Carolina, Alabama, Mississippi, Louisi- 
ana, Texas, and ^California. 

Only the leaves of the plant are used 
in processing for rubber. They may be 
processed immediately or stored for 
processing later. This year’s leaf har- 
vest will be sent to the Department’s 
Southern Regional Research Laboratory 
at New Orleans for further extraction 
and utilization studies. In the precent 
experimental growing operations, every 
effort will be made to produce a maxi- 
mum quantity of planting stock, in case 
a larger program should prove desirable 
in 1944. 
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METALS n nDIISTIT 

Conducted by FRED P. PETERS 

A lthough this is an era of new in- life of those .unplated. Most ammunition 

dustrial materials, there are less manufacturers who do any drawing of 

glamorous but no less significant parts copper, brass, and steel, for example, 

of the materials picture which concern chromium plate their new dies and 
new applications of old materials — ap- punches, enjoy enormous life exten- 

plications so fundamental as to raise sions (since they replate the tools sev- 
the stature of the old material in its eral times), and find in addition that 

new application to that of a new indus- the plating on the dies eliminates stick- 

trial material. Outstanding in this class ing during drawing, 
is the fast-growing use of chromium For salvaging machinery parts or 

Hard, Corrosion -Resistont, Slippory 

The Story of the Coavorsioa of Thai Popahur Ghuaoar NotoL Chroadam* to 
oa Essoaliol Machiao*Skop Milorial lor the ProdaclioB Froai— Soaio of Uf 
Vasaipodod Proportios aad Mow llsos« Us Coasonrotioa Aspools, aad Us 
Falaro Place Aaioag ladisirial Materials 


people thought there was a necessary 
difference between the hardness of in- 
dustrial and of decorative chrome 
plates, and hence applied the term 
‘'hard chrome” to industrial coatings 
and ^decorative chrome” to the brilliant 
ornamental plate. Actually, tests have 
proved that the bright plates are among 
the hardest available (1000 to 1025 
Brinell), and bright plates are con- 
sequently vmiversally applied as the 
best for industrial uses. 

There is an interesting reason, 
though, for the general impression that 
decorative chromi\un is softer than in- 
dustrial. A file drawn across the sur- 
face of a brilliant chrome-plated belt 
buckle or hub cap will invariably 
scratch it, while the same file will fail 
to leave its mark on an ordinary 
chromium -plated drawing die or mach- 
ine spindle. The natural conclusion 
from this is that the industrial plate is 
harder than the ornamental, but the 
facts are that the ornamental plate is 
thinner than the industrial — so thin 
that the softer base metal underlying 
the decorative chromium film “gives” 
under the file edge. The chromium is 


plate for a variety of industrial appli- 
cations that are entirely independent 
of the familiar decorative appeal of this 
coating. 

Chromium plate is today serving in- 
dustry in many ways that are new and 
for which no other material of compar- 
able properties exists. “Chrome plate” 
is the beautifully lustrous finish that 
made American automobiles and elec- 
tric appliances the shiniest on earth; but 
it is also among the hardest and most 
wear- resistant materials known, and its 
frictional qualities (slipperiness or 
bearing properties) place it in the ranks 
with the best among all other metals. 


dies that have been worn or mis- 
machined undersize, chromium plate 
deserves an Army-Navy “E” all its 
own. Production rejects that would 
otherwise be scrapped because, let us 
say, the parts are not thick enough, are 
now lieavily chromium-plated to the 
correct dimensions and put into use. 
Worn bushing bores that are too large 
are chromium-plated to reduce the in- 
side diameter and are thus completely 
reclaimed. 

Potentially the largest industrial field 
for chromium plating may be its use as 
a production finish on aircraft, Diesel, 
and automotive engine machinery and 


gouged in much the same way that a 
toothpick would press a groove into 
the tin-foil wrapper on a piece of 
cheese. Industrial chromium coatings 
are usually thick enough (or the base 
metal is hard enough) to prevent this 
“anvil” effect. 

Actually, both types of chromium 
plate are inherently harder than the 
file, so that a file test merely indicates 
the thickness and not the hardness of 
chromium plate. Drs. C. G. Peters and 
Frederick Knoop, of the Bureau of 
Standards, demonstrated three years 
ago that hardness tests on plates thin- 
ner than one thousandth of an inch 
(0.001 inch) reflected the hardness of 


But most important of all: 
Chromium plate in its war- 
time overalls is providing 
the life-saving answer to a 
critical shortage of small 
tools and dies and is ex- 
tending the utility of this 
country's tool-steel alloys— 
tungsten, chromium molyb- 
denum, vanadium, and 
cobalt — machine tools, and 
manpower by truly tremen- 
dous amounts. 



the base metal, whereas 
plates thicker than that were 
unaffected by this factor. 

The most important dif- 
ference between decorative 
and industrial chromium 
plates, then, is thickness. For 
decorative chromium plat- 
ing a thickness of about 
one or two hundred-thou- 
sandths of an inch (0.00001 
to 0.00002 inch — about 
1 /200th the thickness of a 


Dr. Arthur W. Logozzo, of 
the Hartford Chrome Cor- 
poration, a pioneer in the industrial use 
of chromium plate, characterizes this 
bright metal coating as “the greatest 
life prolonger of new equipment and 
one of the greatest single salvage medi- 
ums” we have today. Chromium plated 
gages, for example, outlast un-plated 
gages by four times or more. This 
means not only 400 percent more pro- 
duction from the particular quantities 
of critical metals present in the gage, 
but also circumvention of the painful 
problem of obtaining new gages miickly 
from today’s heavily overburdene#tool- 
making facilities. Then, too, gages are 
expensive and the cost savings in pro- 
longing their life are not to be ignored. 

The story is the same with cutting 
tools, forming dies, and molds, some 
of the plated tools giving ten times the 


Examples of chromium-plated drowlnq dies 

pump parts that must resist wear or' 
corrosion. Many manufacturers of war- 
vital machinery now obtain smoother 
operation and much longer life by 
using chromium-plated pistons, rods, 
shafts, cylinders, press rams, guides, 
cams, bearing rollers, and so on. The 
recent development of porous chrom- 
ium plate, which provides a hard, wear- 
resistant, and oil -retaining surface for 
Diesel cylinder bores, pistons, rings, 
and similar parts, is expected by many 
to have the greatest influence all on 
the high place chromium plate may 
ultimately occupy among industrial 
materials. 

The quality of the chromium depos- 
ited for industrial applications is es- 
sentially the same as that which is 
plated for ornament. For many years 


human hair) is generally 
used. Except for a few an- 
plications requiring plates approach- 
ing that thinness, industrial chromium 
plates run from one ten-thousandth 
to 25 thousandths of an inch thick 
(0,0001 to 0.025 inch). Good practice 
is to apply the thinnest coating that 
the hardness of the base metal will 
permit. 

Because of their greater thicknesses, 
industrial chromium coatings take 
longer to apply, and this must be taken 
into consideration in the operation and 
control of the plating bath. Several 
processing factors not encountered in 
decorative plating, such as the avoid- 
ance of excess plating at comers and 
edges, the importance of good adher- 
ence to the base metal, and the finish- 
ing of the deposit to very precise di- 
mensional tolerances, confront the 
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plater who applies industrial chromium. 

Engineers of United Chromium, Inc. 
(the company whose basic patents 
dominate the chromium-plating field) 
have made exhaustive surveys and 
tests of the technical properties of 
chromium plate. Blxamination of their 
restilts shows not only that chromium 
is superlative in many ways, but also 
that its combination of high hardness, 
corrosion resistance, wear resistance, 
resistance to heat, and frictional and 
surface properties is available in no 
other industrial material yet discovered 
or developed. 

For example, the hardness of cor- 
rectly produced bright industrial 
chromium plate is about 1000 to 1025 
Brinell. This hardness is of the same 
degree as that of nitrided steel (one 
of the hardest engineering metals) or 
sintered tungsten carbide (the hardest 
type of cutting-tool material). 

Several years ago the Worthington 
Pump and Machinery Corporation, 
curious about chromium plate’s ability 
to serve as a bearing material in com- 
parison to that of the usual bearing 
metals, made sliding friction tests on 
a number of shaft and bushing com- 
binations. The standard bearing com- 
bination of steel on babbitt metal had 
a coefficient of friction of 0.20. When 
the babbitt was replaced with chrome - 
plated steel, the new 
combination ran much 
easier, with a coefficient 
of 0.16. The engineers 
who made these tests 
concluded that “chromi- 
um has the lowest 
coefficient of friction 
available in any of the 
structural metals.” This 
conclusion has since 
been reached by other 
researchers. 

The third outstanding 
quality of electrodepos- 
ited chromium is its 
unusual resistance to corrosion and 
chemical attack. These characteristics 
are utilized in many familiar applica- 
tions of chromium plating. Where so 
used, chromium plate is usually applied 
over intermediate deposits as, for in- 
stance, copper and nickel on steel or 
nickel alone on copper or brass. The 
function of the underlying deposit is to 
prevent the exposure of the basis metal 
through any pores that may exist in 
the layers of electrodeposited chrome. 
Properly plated articles are resistant 
to tarnish, rust, and corrosion, and 
thereby are of great value in prolong- 
ing the usefulness of the product to 
which they are applied. 

A lso important among its character- 
istics are chromium plate’s amen- 
ability to use and reuse, as a “putting- 
on tool” (for adding metal where 
needed), its adapability to precision 
operations, its resistance to oxidation 
at hi^ temperatures, its hi^ melting 
point, and its relatively low cost from 
the engineering point pf view. 

Lest exaggerated conclusions be 
drawn from these facts, it is pointed out 
that chromium plate is not a pure-all 
or panacea. For example, it Is not 


The long list ol <zppll- 
cottons which chromlnjn 
plot# is finding in indus- 
try is sxomplilisd by the 
plated top (right) being 
used on a hord rubber port, 
the side milling cutter (be- 
low) in use on steel ond 
the twist drill (lower left) 





necessarily the best 
bearing metal in the 
world, since there is 
considerably more to 
bearing performance 
than just the coefficient 
of friction. It is certain- 
ly not the hardest engi- 
neering material one 
can find, and it is sur- 
passed in corrosion re- 
sistance by a few (most- 
ly noble) industrial 
metals But it is just 
about the hardest ma- 
terial available which is also corrosion- 
resistant and “slippery,” and its grow- 
ing list of applications in special 
services stems from this unique com- 
bination of properties. 

The use of chromium plating as a 
“putting-on tool,” for adding metal to 
surfaces that have been worn or mis- 
machined undersize, is its major con- 
tribution to industry. Some typical 
instances of smart reclamation of 
off-size rejects by chrome-plating 
were recounted in detail in an article 
in the June 1941 issue of Scientific 
American, and little need be added 
here. Intricate parts, gages, tools, dies, 
and fixtures representing many hours 
of skilled tool work, much precious 
machine time, and important amoimts 
of critical alloys are being saved from 
scrap piles everywhere by alert plating 
departments. 

At one plant, plating thicknesses have 
run up to 40 thousandths of an inch 
(0.040 inch) and over 10,000 parts have 
been salvaged in the last few years. 
Many manufacturers who started using 
chromium plating for salvage work 
found the service life of the reclaimed 
parts so much improved that they now 
specify chromium plating as standard 


on these parts even 
when new. 

In the field of new 
tools and parts, the ap- 
plications of chromium 
plating may be simply 
divided into (a) cutting 
tools, (b) gages, dies, 
and molds, and (c) 
wear-resistant machin- 
ery parts. For industrial 
chromium plating the 
thinnest coatings are 
those applied to cutting 
tools, such as cutters, 
reamers, drills, taps, broaches, and so 
on. For applications like these, involving 
sharp edges or impact, deposits heavier 
than a few ten -thousandths of an inch 
tend to spall or chip, so that the prac- 
tice is to hold the plating to thick- 
nesses between five ten- thousandths 
and five hundred- thousandths of an 
inch (0.0005 and 0.00005 inch). 

Mr. T. G. Coyle, technical director 
of United Chromium, Inc., explains in 
addition that the best plate thicknesses 
for tools used for cutting steel are dif- 
ferent from those for cutting plastics 
or soft metals. He suggests this gen- 
eralization. The harder the material 
being cut, the thinner need be the 
chromium deposit. Most of the benefit 
of chromium plate on cutting tools 
arises not so much from the extra 
hardness of the plated tool but from 
the lower coefficient of friction between 
the plate and the material being cut, 
whereby the chips slide off along the 
tool more easily. 

The quantitative extent to which In- 
dustrial chromium plating is providing 
a large part of the answer to ^e short- 
age of small cutting tools and tool -steel 
alloys by enormously extending their 
lives is indicated by the job records 
of many manufacturers. For example, 
at a Canadian plant (John Inglis Co., 
Ltd.) one tool, a 0.237 -inch diameter 
reamer, would, when unplated, turn 
out 15 pieces before it had to be re- 
ground; after chromium plating, 75 
pieces between grinds was a common 
figure (an increase of 400 percent) and, 
furthermore, the tool could be contin- 
ually replated and re-used at its ori- 
ginal size. 

R eports on chromium-plated plug 
gages indicate life increases be- 
cause of chromium plate ranging from 
seven to twenty times that of the un- 
plated gage. On a few special gages, 
chromium plate has shown several 
hundred percent longer life than car- 
bide tips — and that is an achievement! 

According to Mr. Coyle, gages are 
generally finished with a chromium 
plate 0.001 to 0.015 inch thick. In some 
gaging operations, where tolerances 
are extremely small or the gage must 
have a sharp working edge, the chrom- 
ium plate thickness should be much 
less than 0.001 inch — only of the order 
of 0.0001 to 0.0003 inch. 

Since gages are sizing tools, dimen- 
rional nrecision is important. In cases 
where the thin deposits are used (and 
with some of the thicker, too), the 
gac^e may be plated directly to size 
with sufficient accuracy, but generally 


SEPTEMBER 1943 • SCIENTIFIC AMERICAN 


113 



It is more practical to over*plate and 
then grind or lap back to size after plat* 
ing. 

Chromium-plated dies and mandrels 
are almost universally employed for 
drawing seamless tubes of steel, stain- 
less steel, brass, and aluminum. Tool- 
life increases of eight to ten times are 
reported, together with improved tube 
finishes. 

A field that is very active at present 
and a potentially even busier one in 
the future for chromium is the plating 
of molding dies for plastics. Naval 
specifications now require it on molds 
for Navy Department parts and the 
largest fabricators have also swung 
over to plated molds. The plate thick- 
nesses run from 0.001 to 0.005 inch. 

The plastic or rubber parts made in 
plated dies are smoother; sticking, 
fouling, and pin breakage are elimin- 
ated; and the flow of the compound 
along the die walls is facilitated. For a 
given amount of wear, the chromium 
surface produces 10 to 15 times the 
output of the hardened (unplated) 
steel surface in some shops. (Chrom- 
ium-plated dies are also used in pow- 
der metallurgy, where die problems 
have been traditionally acute. 

poROUS chromium is potentially im- 
■ portant enough to receive special at- 
tention here. Today it is doing yeoman 
service as the surface on countless 
Diesel engine cylinder bores aboard 
ship and elsewhere. These important 
Diesel applications have been pioneered 
by Mr. Henrik Van der Horst, a former 
Hollander who spent years in develop- 
ing this solution to a specific problem — 
the wear of cylinder bores, piston rings, 
and ring gaps in Diesel engines, espe- 
cially two-stroke engines. 

Originally the cylinder bores were 
merely plated with dense bright 
chromium, and general improvement 
in performance was obtained. But 



Chromium plated cylinder bores 

some bores would score, even after 
honing to a high polish, until one day 
someone observed that the chromium 
surfaces that did not score were 
slightly pitted. It then became clear 
that for oil-film bearing applications 
like this, not only hardness but a 
rough surface was necessary to retain 
the oil on the normally non-absorbent 
chromium surface, and research was 
directed to the development of a \mi- 
formly porous hard-chromium layer. 

Cylinder bores treated in this way 
wear away at a much lower rate than 
ordinary cast-iron bores, will outlast 
alloy caSt-iron bores by seven times 
and nitrided bores by three times. In 



Hord>nibber molding dies are ploted 


Diesel-operated ships, for example, this 
means fewer delays and layovers while 
cylinders are replaced, relined, or re- 
bored or rings replaced, and even mak- 
ing trips that might normally be can- 
celled because replacement parts could 
not be obtained. 

The use of porous chromium plate on 
internal combustion engines generally 
and for other oil-retaining bearing sur- 
faces is now receiving the most wide- 
spread attention, with both the Van der 
Horst Corp. of America, Inc. and United 
Chromium, Inc. conducting research on 
processes and applications. 

The exigencies of war have brought 
to industry sudden recognition of the 
value of chromium plate as an engin- 
eering material, and the process and 
its applications have developed with 
unbelievable rapidity. When peace re- 
turns,' the pressure for salvage will 
be off, but many companies — the 
smarter ones — will continue the re- 
clamation practices they found so help- 
ful during the war. 

Quite apart from salvage, we may 
confidently expect the use of chromium 
plate on such new parts and tools as 
drawing and extruding dies, molds, 
burnishing broaches, hydraulic equip- 
ment parts, bearings, and so on, to con- 
tinue to expand, because for many of 
these it will be simply Intelligent de- 
sign and economics to use it. Those 
applications involving stainless steels, 
light metals, plastics, powder metal- 
lurgy processes, and engine parts 
should be especially important in the 
years to come. Of all the present-day 
applications of chrome-plating, the use 
of porous chromium as a hard, wear- 
resistant oil -retaining surface for 
Diesel cylinders and rings, gas-engine 
cylinders and pistons, and hundreds of 
other parts not yet exploited may be 
ultimately the most important. 


LEAD-AUOT COATIMC 
For Gopfor Wirt, Saiitiootorlly 
Btplactt Sctrcf Tia 

Much of the wire normally used for 
electrical conductors in normal times 
was coated with pure tin to facilitate 
soldering of joints and connections and 
to protect the underlying copper and 
its rubber insulation from reacting 
with each other. The shortage of tin, 
however, impelled a search for mater- 
ials that comply with the WPB order 
limiting the tin content of copper-con- 


ductor coatings to 12 percent and which 
will perform satisfactorily. 

The requirements for such coatings 
are amenability to fast soldering, good 
resistance to abrasion, excellent anti- 
friction properties, and resistance to 
corrosion by sulphur and by rubber 
chemicals. 

Of all the possible substitutes tested 
by Anaconda Wire and Cable Company 
(including lead-base alloys of less than 
5 percent tin), the only one that ap- 
proached the desired properties was 
an alloy of lead to which small amounts 
of cadmium, tin, and antimony are 
added. Average analyses of coatings 
from the new alloy show 5.23 tin, 1.17 
cadmium, 0.30 antimony, and 93.30 per- 
cent lead. 

The alloy has been in continuous use 
(under wraps) for 16 months, during 
which 500 million pounds of wire has 
been coated, stranded, and insulated 
with satisfactory results. Statistical 
analysis of the substitution shows that 
approximately 87 percent of the tin 
previously consumed for this applica- 
tion is being saved by the use of the 
new alloy. At Anaconda this means a 
saving of about 3500 pounds of tin per 
month. 

BERTLLIUN-COPPEB 
Improvtd lor Many Usos by 
Row Rial Traalmaal 

Expanded wartime applications of 
beryllium-copper have taught materials 
engineers much about the properties 
that are best for individual applications 
and about the methods of heat treat- 
ment best able to provide these prop- 
erties. 

Beryllium-copper’s greatest contribu- 
tion today is in the field of aircraft, 
instrument, and electrical springs, 
where its combination of exceptional 
strength, corrosion resistance, high 
endurance, flexural and torsional 
strengths, and susceptibility to harden- 
ing after forming make it a nearly ideal 
material. 

Recent intensive studies have shown, 
however, that peak properties cannot 
be obtained by the standardized heat 
treatment usually recomended, that the 
work and treatment given the beryl- 
lium-copper at the mill that sells it to 
the spring fabricator profoundly influ- 
ence the results the latter obtains with 
it, and that each lot of beryllium-cop- 
per for springs must be individually 
tested and treated by the spring maker 
if the full value of the metal is to be 
obtained. 

The heat treatments used will thus 
be individually different for each lot, 
but the new data show that the prac- 
tice of hardening the annealed and 
formed springs by heating for a given 
time between 500 and 600 degrees, Fah- 
renheit, should be changed to a shorter 
time at higher temperatures— between 
600 and 700 degrees. Springs processed 
by the new schedules have much better 
“^ift” properties (drift is the tendency 
to become permanently elongated by 
minute amounts through stress below 
the elastic limit at room temperatures) 
and are generally superior. 
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CHEMISTRY IN IHDVSTRY 

Conducted by JAMES M. CROWE 

A t the end of 1941 the total installed 
capacity for production of syn- 
thetic rubbers in the United States 
amounted to only about 20,000 tons. 
Then came Pearl Harbor and the war- 
necessitated miracle of increasing this 
.synthetic capacity to nearly a million 
tons by the end of 1943. 

Generally speaking, the synthetic 
rubber-like materials on which the 


United States will depend for its rubber 
during the present war may be divided 
into a number of types. It would re- 
quire volumes to tell the detailed story 
of the manufacturing processes and 
properties of these many materials, and 
even then it would probably be in- 
accurate. Specific operating details 
have never been made public and the 
technology is changing so rapidly under 
the stimulus of all-out research that 
methods are changing and improving 
every day However, the following 
brief and general descriptions, derived 
from a Bureau of Mines survey, will 
explain the nature of the more import- 
ant of the synthetics, the way they are 
produced, and their general applica- 
tions. 

BUNA Si Copolymerized butadiene and 
styrene, synthesized by copolymeriza- 
tion in aqueous emulsion. 

Buna S has been made in large 
quantities in Germany since 1936 as a 
general substitute for rubber, particu- 
larly in automobile tires. A small 
amount was made in this country prior 
to the war Of all the various types of 
synthetic rubber that have been devel- 
oped, each with special advantages, 
the Buna S type seemed best for rub- 
ber’s major uses, and could most easily 
be fabricated with existing equipment. 
The government rubber program was, 
therefore, largely concentrated on this 
type. Buna S, more recently designated 
GH-S, is now manufactured by a num- 
ber of companies on a large scale for 
use in tires and as a general substitute 
for natural rubber. Out of the 850,000 
tons annual capacity undertaken by the 
government rubber program, 735,000 
tons or about 86 percent is Buna S. 

The raw materials used in Buna S 
are butadiene and styrene. The buta- 
diene may be made by many methods 
from a number of basic materials, pres- 
ent commercial sources of butadiene 
being petroleum and petroleum gases, 
coal or coke and limestone, etl\yl al- 
cohol, and butylene glycol made by 


special process of fermentation of grain. 

Much of the early confusion about 
S)mthetic rubber arose from a lack of 
appreciation of the fact that Buna S 
is exactly the same product whether 
made from butadiene derived from oil, 
grain, coal, or whatever source. 

Styrene, the second requirement for 
manufacture of Buna S, has been 
manufactured for some time for use 


in the plastics industry,* hence, the 
principles involved in its production 
were quite well known. The most com- 
mon method consists of processing ethyl 
benzene produced from benzene and 
ethylene or ethyl alcohol. Styrene may 
also be produced by high -temperature 
cracking of petroleum. 

In general, the properties of Buna S 
are similar to those of natural rubber, 
and the swelling characteristics in gaso- 
line and mineral oil are but little better 
than those of natural rubber. Water 
absorption is only 65 percent that of 
natural rubber, and aging qualities are 
considered superior It is useful for 
coverings in the cable industry because 
of the last-named qualities. 

PERBUNAN (formerly Buna N) : Copoly- 
merized butadiene and acrylonitrile in 
an aqueous emulsion. The butadiene 
is obtained from the same sources as 
given above, while the acrylonitrile is 
made by treating ethylene with hypo- 
chlorous acid to give ethylene chlorohy- 
drin, which reacts with so- 
dium cyanide to give hy- 
dracrylic nitrile, from which 
acrylonitrile is obtained by 
dehydration. 

A primary property of 
Perbunan is its resistance to 
the action of gasoline, petro- 
leum, and aliphatic hy- 
drocarbons. However, it is 
soluble in aromatic and 
chlorinated hydrocarbons 
such as benzol, toluoL sol- 
vent naphtha, di- and tri- 
chlorethylene, and in certain 
ketones. 

Aging qualities and resist- 
ance to ozone are said to be 
superior to those of natural 
rubber, but elasticity, re- 
bound, and electrical prop- 
erties are poorer. Because 
of its poor electrical prop- 
erties, Perbiman is not used 
as electrical insulation. In 
heat resistance and abrasion 


resistance it surpasses natural rubber 
and is less than half as permeable to 
air and gases. Hard compounds made 
from Perbunan have high softening 
points and superior resistance to many 
solvents. 

Perbunan finds greatest use where 
its oil-resistant qualities are needed 
-oil-resistant packing rings, gaskets, 
printing rolls, gasoline hose, hose for 
spraying paint, cable covers, conveyor 
belts, and the like. Although Perbunan 
tire tread compounds are said to be 
equal or superior to the best rubber 
tread compounds, its use In tires is not 
of commercial importance, as other 
synthetics easier to process and fabri- 
cate are considered economically more 
suitable for that nurpose. 

Perbunan Extra is similar to Per- 
bunan except that the acrylonitrile con- 
tent is greater. It is easier to process, 
more resistant to oil. 

HYOAR **0 R” (AMERIPOL); Butadiene co- 
polymer, reported to be a copoljrmer 
of butadiene and acrylonitrile similar 
to Perbunan. Two distinct types are 
being made. The raw materials are 
butadiene and acrylonitule. (See Buna 
S for butadiene sources and Perbunan 
for acrylonitrile) . 

Properties of Ameripol, such as ten- 
sile strength and elasticity, are said to 
vary over a v\ade range according to the 
method of compounding. Good heat 
and abrasion resistance are claimed, and 
superior resistance to mineral, animal, 
and vegetable oils and fats, to oxidizing 
effects of metallic soaps used as driers 
in paints and inks, to all petroleum 
products, and to benzene, alcohol, water, 
and carbon tetrachloride, although it 
is badly swollen by acetone. Its age 
resistance is superior to that of natural 
rubber and its resistance to acids and 
alkalies is about the i.ame. Elasticity, 
tear resistance, and rebound are lower 
than for similarly compounded natural 
rubber. Hardness may be varied over 
a wide range. It becomes stiffer than 
natural rubber at subfreezing tem- 
peratures but is reported to he still 
flexible at —50® Centigrade. Resist- 
ance to oxidation and decomposition 
when exposed to heat is said to be 
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excellent, and it is less permeable to 
air and gases than is natural rubber. 

Oil-resistant products made from 
Ameripol include gasoline hose, auto- 
mobile and airplane parts, packing 
joints and valves, lining for bullet- 
proof gasoline tanks, printing rollers, 
and the like. Tires of Ameripol are 
said to be slightly superior to tires 
made of natural rubber compounds in 
abrasive resistance, and far superior in 
the presence of oils and high tempera- 
tures. 

The synthetic is used to produce a 
hard rubber compound, ‘^Ebonar,** which 
is said to have an outstanding advan- 
tage over hard natural rubber in that 
a higher softening point is obtainable. 
OHEMIQUMi Butadiene copolymer, said 
to be a copolymer of butadiene and 
acrylonitrile similar to Perbunan. 

A Buna- type synthetic rubber, Chemi- 
gum is tough and is equal or superior 
to natural rubber in strength, aging 
resistance, and resistance to sunlight. 
It is much less soluble in conventional 
rubber solvents than natural rubber, 
and its oil resistance makes it suitable 
for use in gasoline hose and the like. 
Tires made of Chemigum are said to 
give performance equal to or exceeding 
natural rubber tires. 

NEOPRENE (formarly DUPRENE): Polymer- 
ized chloroprene made by polymeriza- 
tion of chloroprene in emulsion under 
carefully controlled conditions. Raw 
material is calcium carbide, made from 
lime and coke in a high-temperature 
electric furnace, which gives acetylene 
when treated with water. Vinylacety- 
lene, formed by poljrmerization of two 
molecules of acetylene, is treated with 
(hydrochloric acid to giv^ chloroprene. 
The physical qualities of Neoprene may 
be modified over a wide range by the 
proper choice of pigments, accelerators, 
anti-oxidants, and so on. 

Neoprene is made in several types. 
Neoprene G being a new, improved, 
relatively odor-free type which is 
thermoplastic and is formed, like rub- 
ber, hy calendaring, extruding, and 
molding at high temperatures. 

The vulcanized product is resistant 
to oils, and although virtually all ani- 
mal, vegetable, or mineral oils cause 
it to swell somewhat, it usually retains 
its properties better than rubber. It 
is slightly less elastic than rubber but 
is more heat-resistant and resists sun- 
light better. It has approximately the 
same tensile strength as has similarly 


compounded rubber. The abrasion re- 
sistance of Neoprene tire treads is said 
to be about equal to that of the best 
rubber tire-tread compounds. Neo- 
prene and rubber show about equal 
abrasion resistance when dry, but Neo- 
prene is many times more resistant to 
abrasion after having been soaked in 
oil. 

Neoprene is used for tank linings; 
reaction vessels; conveyor belts; gas- 
kets; hose for oils, solvents, and gases 
such as chlorine; clothing for acid pro- 
tection; laboratory tubing; and for 
similar purposes. 

YISTANEXi Polymerized isobutylene, 
made by polymerizing isobutylene at 
low , temperatures with catalysts of an 
acidic nature, such as titanium tetra- 
chloride, boron fiuoride, and aluminum 
chloride. Isobutylene is present in 
large quantities in gases from refinery 
cracking operations, and may be made 
by dehydrogenation of isobutane, which 
is obtained from natural gases or from 
isomerization of normal butane. 

Vistanex possesses unique qualities, 
owing to its lack of imsaturation. It 
exhibits extreme resistance to ozone, 
acids, alkalies, and corrosive salts and 
has excellent aging properties, es- 
pecially at high temperatures. Its water- 
absorption and vapor-permeability 
properties are extremely low. It is 
resistant to most vegetable and animal 
fats, oils, and greases, and is insoluble 
in alcohols, esters, ketones, and most 
organic solvents containing oxygen; 
but it is soluble in petroleum and coal- 
tar solvents and in some chlorinated 
solvents. It has excellent electrical 
properties. It is less thermoplastic, and 
the degradation or breakdown by me- 
chanical milling or mixing is less than 
for natural rubber. 

Vistanex is used in the manufacture 
of cable sheathing, acid-resistant lin- 
ings, electrical insulation, adhesives, 
arti^ial leather, and the like. It may 
be compounded with natural rubber 
in certain proportions to give a curable 
product useful in steam hose, conveyor- 
belt covers, cable coverings, and other 
products resistai^ to aging or chemical 
action. 

RUTYLl Copolymer of a butene and a 
diolefin, produced by low temperature 
copolymerization of isobutylene and a 
small amount of butadiene or other 
diolefin. Isobutylene is procured from 
petroleum by cracking. 

Butyl rubber \b outstanding in that 


it possesses only 1 or 2 percent of the 
available unsaturation of natural rub- 
ber, which is just enough for vulcani- 
zation. This lack of unsaturation gives 
butyl rubber unusual properties in ag- 
ing resistance and in stability in the 
presence of ozone. It swells like natural 
rubber in petroleum and coal-tar sol- 
vents but does not swell in most 
vegetable and animal fats and oils. It 
is resistant to acids, including sulfuric 
and nitric, has low water absorption, 
high heat resistance, and excellent fiex 
resistance, and is highly impermeable 
to air and gases such as hydrogen, 
heliiim, and carbon dioxide. Its rebound 
is low at room temperature but high 
at high temperatures. Electric proper- 
ties are said to be such as to make it 
outstanding for cable insulation. 

Butyl rubber is said to be satisfactory 
for inner tubes, as it holds air longer 
than does natural rubber and is con- 
sidered superior to certain other syn- 
thetic rubbers for this purpose, although 
some difficulties have been experienced. 
So far, automobile tires made of butyl 
rubber have shown a life about 50 
percent as ^eat as that of natural - 
rubber tires if used at speeds under 40 
miles an hoiur. Besides its use in tires 
and tubes, it is recommended for use 
in fire and steam hose, molded goods, 
tank linings, conveyor belts, and in 
general replacement of natural rubber. 
FLEXON is similar to butyl rubber 
except that it is produced at different 
temperature in an open vessel. It usu- 
ally has qualities inferior to butyl. 
THIOKOLt Organic polysulfide obtained 
by a reaction between organic dihalide 
and alkali polysulfide. 

The raw materials used in Thiokol 
depend on the finished type. Ethylene 
dichloride and sodium tetrasulfide give 
Thiokol A; dichloroethyl ether and 
sodium tetrasulfide give Thiokol B; and 
so on. The sources of these raw mate- 
rials are organic compounds which may 
be obtained from petroleum products, 
chlorinated by the use of chlorine ob- 
tained from salt. The sulfides are made 
from sulfur and alkalies. 

Thiokol has been made in several 
types and from several primary ma- 
terials. A variety of products, some of 
which are rubber-like and some of 
which are not, can be made by varying 
the kind of polysulfide and hydro- 
carbon. Some of the products are used 
in the plastics industry and some as a 
rubber substitute. The rubber-like 
types are soft and plastic and can be 
worked on a rubber mill and reinforced 
and modified by the addition of com- 
pounding agents just as vdth natural 
rubber. They are particularly resistant 
to organic solvents. 

Thiokol is not suitable for tire treads, 
although a new type ^(N) is said to be 
stiitable for recapping tires. In general, 
Thiokol may be used where high re- 
silience, tensile strength, and resistance 
to heat are not important, but where 
good aging characteristics, resistance to 
ozone and solvents, and flexibility are 
required. It is used in the automotive 
industry for coating paper gaskets, 
where it flows under heat and pressure 
into tool marks and imperfections to 
make a pelf ect oil seaL It is used also 
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in the manufacture of gasoline and 
paint-spray hose» printers’ blankets, 
rubber printing plates, and cable cover- 
ings. 

TNIOKOL R Dl Copolymer obtained from 
butadiene and acrylonitrile. In the 
raw state it Is a tough, resilient, amber- 
colored, solid with excellent resistance 
to gasoline, oil, and other solvents. It 
has high tensile strength, up to 3000 
poxmds per square inch, and good abra- 
sion resistance, comparable to natural 
rubber. 

KOROIEAL AND KOROGELi Plasticized 
polymerized vinyl chloride. Vinyl 
chloride is produced commercially by 
any of three methods: catalytic com- 
bination of acetylene and hydrogen ^ 
chloride; chlorination of ethlyene to 
ethylene dichloride and partial dehydro - 
halogenation by treatment with alco- 
holic caustic; or by vapor-cracking 
ethylene dichloride. 

ITie term “Koroseal” refers to a broad 
class of compositions having properties 
varying from those of hard rubber to 
those of a jellied cement. Korogel is 
highly plasticized Koroseal, and Koro- 
lac is a solution of Koroseal. 

The physical and chemical properties 
of Koroseal may be varied over a wide 
range by the choice of plasticizer. With 
proper plasticizer it can be made trans- 
parent. The tensile strength varies 
from 1000 to 9000 pounds per square 
inch; flexing life, if used alone, is ten 
times that of natural rubber; tearing 
strength is equal to or slightly exceedi^ 
that of the best rubber compounds; and 
at atmospheric temperature resistance 
to abrasion is better than that of rub- 
ber. However, Koroseal is unsuitable 
for the manufacture of automobile tires, 
as it undergoes plastic flow at high 
temperatures. 

The harder types of Koroseal are 
resistant to virtually all materials ex- 
cept organic compounds containing the 
nitro or chlorine groups, aliphatic or 
aromatic ketones, aromatic amino com- 
pounds, lacquer solvents, or acetic an- 
hydride. Koroseal is resistant to cor- 
rosive chemicals, acids, alkalies, and 
water; it is not affected by sunlight, 
aging, oxygen, or ozone, and it is very 
superior in resistance to gas diffusion. 

Koroseal is used in the manufacture 
of process equipment for chemical and 
allied industries, in pipe-line coating 
materials, balloon clotih, chemical tub- 
ing, vacuum and gas materials, electrical 
insulation, protective paints, belting, 
gaskets and packing, clothing and 
waterproof cloth such as wraps and 
shower curtains, upholstery, and for 
special uses in the cable and textile 
industries. 

PLAMENOLi Plasticized polymerized 
vinyl chloride, is described as a syn- 
thetic compound resembling rubber, 
which serves both as an insulation and 
a fbiiah for wire and cable. Its prop- 
erties are said to include high dielec- 
tric strength, toughness, mechanical 
strength, stability in sunlight and 
oxygen, stability to ozone and oxidizing 
chemic^ and to oils, solvents, acids, 
and alkalies, and resistance to Hame and 
moisture. 

RUT-WAR RURRERi The above lengthly 
but incomplete list presents an inf|) 08 ing 


array and still there are others and 
newer elastomers which have been an- 
nounced, but about which there is little 
available information. All in all it 
seems that the country can rest assured 
that the rubber problem is being met. 

With this assurance many people in 
government and industry are turning 
their thoughts to rubber after the war. 
There are many important political and 
economic considerations which may de- 
velop natural rubber vs. S3rnthetic 
elastomers into a major controversy, 
but ultimately the principles of supply 
and demand, of price and quality, that 
have influenced so many choices be- 
tween products, will decide this issue. 

One thing is certain. It is never 
safe to make predictions where a 
chemist is concerned. His ingenious- 
ness and persistence in working with 
molecules and the fundamental laws of 
nature have often upset the best laid 
plans. Based on progrecs to date, chem- 
ists believe that there will come syn- 
thetic compositions which excel natural 
rubber in wear, resistance to deteriora- 
tion, and other properties. In fact, 
many of these objectives have already 
been reached. 

This does not mean that natural rub- 
ber cannot be improved. It undoubtedly" 
will be. But the fact remains that the 
essential need for crude rubber, based 
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new antibacterial substance, penicil- 
lin, has joined the ranks of the “miracle 
drugs.” Clinical tests of the new ma- 
terial give good reason for belief that it 
is superior to any of the sulfonamides in 
the treatment of StaphylococctLs aureous 
infections, including acute and chronic 
osteomyelitis, cellulitis, carbuncles of 
the lip and face, pneumonia and empy- 
ema, infected wounds and bums. Pre- 
liminary tests on wounds and infections 
of soldiers returned from the battle- 
fronts have been so encouraging that 
the tests are going forward on a broad 
scale. 

In this work many difficulties are en- 


solely upon superiority of its properties, 
is almost a thing of the past. The 
choice in a free world market will 
largely depend on cost and quality to- 
gether. 

It is generally believed that the price 
of synthetic elastomers might go down 
to between 10 and 15 cents per pound. 
Prices of natural rubber have fluctu- 
ated widely in the past. In 1910 an all- 
time high of $3.12 was reached. After 
World War I it dropped to 11% cents. 
Then a production control system was 
organized in the Far East and the price 
went to $1.21 in 1925. In 1932, during 
the depression, it dropped to 2.625 cents 
per pound. It might be said that the 
price of natural rubber ordinarily oculd 
be taken at 15 cents per pound. Prior 
to World War II it was fixed at 22%. 

Some post-war plans advocate a re- 
turn to the importation of rubber from 
its former sources and the development 
of new natural sources in this hemis- 
phere. Fundamentally their argument 
is that this would provide jobs for the 
native populations and increase their 
standards of living If this is done it 
is logical that their wages would go 
up and if so it is a question whether 
the price of natural rubber, which is so 
dependent on cheap labor, could be kept 
lower than synthetic. Only time and 
technology can answer these questions. 
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countered. They arise chiefly from the 
facts that the mold, Penicillium notatum, 
from which penicillin is obtained, pro- 
duces only tiny amounts of anti-bacter- 
ial substances after a long period of 
growth in a culture medium that must 
be very carefully protected and con- 
trolled. According to a recent report, a 
yield of as much as one gram of puri- 
fied penicillin from 20 liters of culture 
fluid would be an excellent result. 

The chemical structure of the material 
is being intensively sought after. No 
conclusive results have yet been ob- 
tained but there are indications that the 
structure resembles that of a large class 
of aromatic or coal-tar chemicals. As 
soon as this chemical structure is deter- 
mined, methods of synthesis and large- 
scale production will undoubtedly be 
developed. 
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S INCE the first direct crossing of the 
Atlantic Ocean by airplane^ made 
more than 20 years ago by Alcock 
and Brown, flying across the North 
Atlantic has been made commonplace 
by the Clippers of Pan-American Air- 
ways and American Export Airlines, 
the huge flying boats of the British 
Imperial Airways, and the cargo planes 
of the Air Transport Command. 


Bombers and even single-ceater fighters 
are now being regularly ferried across 
the ocean, the fighters with the aid 
of droppable gasoline tanks to supply 
sufficient fuel for the crossing. 

Most of this flying involves long 
jumps, sometimes of the order of 2000 
mile:; and for very fast de luxe pas- 
senger service of the future it will not 



Armstrong (loft) ond Monro, with a 
model of tho flca*lng island airport 


be surprising to see non-stop opera- 
tion between New York and London 
or Paris. 

For less expensive passenger service, 
however, and for carrying air cargo 
or express, such long hops involve dif- 
ficulties. A tremendous amount of fuel 
has to be carried because, in addition 
to the actual flight length, allowance 
has to be made for head winds, for 
possible loss of direction, for instru- 
ment approach, and for flying to an 
alternate airport With high fuel loads, 
the actual payload (that is, passengers 
and cargo) is reduc^ to a small frac- 
tion of the gross weight of the air- 
plane. ‘X 

It is to meet this fundamental draw- 
back of the airplane that there has 
once more come to light the idea of 


man-made islands to be moored in the 
North Atlantic for use as plane refuel- 
ing stations. Invented by Edward R. 
Armstrong as far back as 1915, and 
lately developed and sponsored by such 
important corporations as the Sun Ship- 
building and Dry Dock Company, 
United States Steel Corporation, Worth 
Steel Company, Lukens Steel Company, 
Belmont Iron Works, General Electric 


Company, and John A. Roebling Sons 
Company, the Armstrong Seadrome 
has been patiently developed, step by 
step, and has now reached a point 
where far-sighted and hard-headed C. 
Bedell Monro, President of Pennsyl- 
vania-Central Airlines, has filed an ap- 
plication with the Civil Aeronautics 
Board for permission to connect east- 
ern cities of the United States with 
Seadromes in the North Atlantic and 
thence with ports of air commerce to 
be designated by the Civil Aeronautics 
Board. 

The sponsors of the Seadrome sys- 
tem state that these new bases will be 
made available to all companies and all 
nations that qualify. This is done so 
that the progress of post-war aviation 
will not be imped^ and so that 
America can truly be said to be in a 
position of collaborator and not mere- 
ly of competitor in trans-oceanic air 
travel. 

Mr. Armstrong’s long struggle for 
recognition of the Seadrome epitomizes 
the history of invention. During the 
long years of Seadrome development 
he has met every rebuff philosophically 
and has, with great continuity of pur- 
pose, kept on making new designs and 
new models. 

The islands of steel, known as Sea- 
dromes, consist of a floating platform 
70 feet above the ocean, with buoyant 
elements so far down as to give a draft 
of 160 to 180 feet No matter how rough 


the ocean may be, these elements make 
the Seadrome as steady as the mainland 
itself. Experiments made in a test basin 
with artificially created waves have 
given ample proof of the accuracy of 
this statement To those who immedi- 
ately visualize a huge steamship being 
tossed about in waves, the idea at first 
appears fantastic. Yet it is based upon 
sound principles of physics and exten- 
sive study of wave motion. 

The ocean is destructive only when it 
is opposed, as near the coast. In mid- 
Atlantic, vast rollers become harmless, 
particularly when allowed to travel 
through an open truss work as in the 
Seadrome structure. But to explain why 
the Seadrome remains level, despite 
ocean roughness we must go to other 
facts of natural philosophy. The tro- 
choidal wave of the surface of the 
sea has its companion form below, but 
the height of the wave formation de- 
creases rapidly below the surface. At 
30 feet below, the wave motion is 
scarcely perceptible. Therefore, the 
buoyancy elements and the ballast ele- 
ments of the Seadrome are placed well 
below the surface. The diagram shows 
a 1500 foot Seadrome in waves 600 
feet in length and 30 feet in height. As 
the waves pass, the buoyancy varies 
slightly from flotation element to flota- 
tion element, but the sum of the buoy- 
ancies remain constant. Since the total 
buoyancy is constant, the Seadrome 
neither rises nor falls with the waves. 

Because of this constancy of buoy- 
ancy, because the wave motion almost 
disappears at depth, and because the 
power of the ocean is not challenged, 
the design of the Seadrome is reduced 
to a problem in civil engineering not 
dissimilar to that of bridge construction. 
The design of the Seadrome now under 
construction has been approved with 
a *A-1 rating by the American Bureau 
of Shipping. 

T he floating airport will have a total 
displacement of over 100,000 tons and 
its landing deck will be 70 feet above 
sea level. The structure will be 3550 
feet in length, 400 feet wide at the cen- 
ter, and 280 feet wide at the ends — 
ample dimensions for taking care of 
large transports and capable of handling 
with ease an airplane of some 100,000 
pounds gross weight, or possibly more. 
Auxiliary power sources and six elec- 
trically actuated propulsion units will 
deliver a thrust of 300,000 pounds — 
sufficient to maintain Seadrome 
on station, even if the anchorage gear 
should fail. 

The deck will be supported by 72 
buoyancy tanks connected to it by 
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Floating Airports in Mid-Ocean 
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means of streamlined steel and iron 
columns. The whole will form a deep 
truss composed of tubular struts and 
steel cable ties encased in iron pipes. 
Iron will be used because research has 
shown that iron, while not as strong 
as steel, provides greater protection 
against corrosion. The tanks will be 
arranged symmetrically in three rows 
of 24 each, with longitudinal spacing 
of 150 feet. The lower columns extend 
to about 110 feet below the buoyancy 
tanks to support the ballast tanks. 
These contain sufficient ballast to lower 
the center of gravity of the structure 
to about eight feet below the center 
of buoyancy, another reason for the 
extreme stability of the structure. 

All exposed parts of the Seadrome 
in the region of the water line and 
above it will be of streamlined shape 
to reduce head resistance to a mini- 
mum. The lower columns will be cir- 
cular in cross-section so that they may 
be uni-directional in water currents. 

The deep-sea draft of the Seadrome 
on station duty will be 165 feet. Obvi- 
ously such great draft pre- 
cludes erection close to the 
shore. Therefore, in order 
to make construction pos- 
sible in shallow water, the 
ballast tanks are designed 
to telescope into the stream- 
lined upper columns during 
erection. Decks and bulk- 
heads will divide the tanks 
into 12 watertight com- 
partments. There will be 
bilge pumps and air pumps, 
as in a steamship. 

The Seadrome will be 
able to develop some for- 
ward speed, as previously 
stated, and its six screws 
will head it into the wind, 
as required for airplane 
operation, making a 90 de- 
gree turn in from 10 to 
15 minutes. With this 
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How a 1500-foot Seadrome would remain level In 600- by OO-loct wovee 


built-in means of propulsion, the prob- 
lem of towing the Seadrome into po- 
sition should be a relatively simple 
one. But to those who know how diffi- 
cult it is to anchor even a lightship 
of 1000 tons in relatively shallow water, 
and how frequently lightships tear 
from their moorings, it may at first 
appear impossible to anchor a struc- 
ture of 100,000 tons in the deep waters 
of the Atlantic, for- if a ship of this 
rjze were to be moored in mid-ocean, 
wind and wave would indeed make 
the task impossible. But the Seadrome 
will not pitch, roll, or heave at it’s 
anchor, and, because of its constant 
buoyancy, the open-work structure will 
offer the least resistance to the motion 




How fho oaebort of the Soadromo will 
rest on tho boHom and hold tho stool 
stnieturo In ploco by moans of bridqo 
cablos, with eholiis at lowor .ond 


Tho Soadromo will bo built In soctions, with tho ballast 
tanks toloscopod Into uppor columns, and thon towod to soa 


of the water, while the upper above - 
water structure is streamlined. As a 
result, the natural forces acting on the 
Seadrome are reduced to a minimum. 

It is, however, necessary to guard 
against air forces reaching a velocity 
as high as 70 miles an hour. From Sea- 
drome tests made in the New York 
University wind tunnel and carried out 
by the writer of this article, a total 
anchorage pull of only 600,000 pounds 
is anticipated. With a factor of safety of 
Vh included in the stress total, this 
would require the unheard-of wind 
speed of 140 miles an hour to break a 
Seadrome loose from its anchorage. 

Yet even 600,000 pounds is no small 
pull. The Seadrome is to be anchored 
in mid-Atlantic wh«pe the depth of 
the ocean may be from two to three 
miles. It becomes impossible to use 
link chain, such as is ordinarily u:ed 
with ships. The very best forged alloy 
steel chains would break from their 
own weight before they reached the 
bottom of the ocean at approximately 
13,000 feet. Suspension bridge cables, 
on the other hand, have ample strength 
to reach a depth of 60,000 feet, which is 
very considerably beyond the distance 
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to the bottom of the deepest ocean. 
But cable must not be allowed to rub 
on the ocean bottom. For this reason, 
the anchorage cables will be slightly 
shorter than required for a given moor- 
ing and then will be extended at their 
lower ends by forged alloy steel chains 
which, in turn, will be attached to the 
anchor. The anchor chains then will 
take up the wear and tear on the bot- 
tom. They should be able to withstand 
this for some 20 to 30 years. 

The Seadrome anchors, which func- 
tion by friction, must weigh more than 
1000 tons each. They will be equipped 
with flotation chambers and so de- 
signed as to be built on a shipway, 
launched when completed, and then 
towed to position and sunk. 

The facilities and equip- 
ment of the Seadrome, 
though placed in unconven- 
tional surroundings, are to 
be quite conventional in 
character. There will be a 
luxurious hotel, located at 
the side of the main plat- 
form ro as not to interfere 
with the operation of air- 
craft. There will be ample 
arrangements for refueling 
and servicing of aircraft. 
A complete radio station 
and an equally complete 
weather bureau will be lo- 
cated on the structure. In 
general, the Seadrome will 
be a combination of an 
airport terminal and a 
luxurious summer sea 
hotel. It should be fascinat- 
ing to spend a brief vaca- 
tion in mid-Atlantic. 

It is of interest to study the sketch 
map of the North Atlantic. The Sea- 
dromes will be moored 800 nautical 
miles apart and will be out of the re- 
gion of fog and ice. Compare this dis- 
tance with that between Botwood, in 
Newfoundland, and Foynes, in Ireland, 
which is 1732 nautical miles, and that 
between Bermuda and the Azores, 
which is 1795 miles. To fly the Sea- 
drome route from Washington to Cher- 
bourg means only 3200 miles in four 
hops of 800 miles each. Alternatively, 
Charleston to Bermuda is 765 miles, 
Bermuda to the Azores 1795 miles, the 
Azores to Lisbon 915 miles, and Lisbon 
to Cherbourg 798 miles, giving a grand 
total of 4273 nautical miles. 

We cannot here enter into a detailed 
technical discussion of the econondc 
advantages of the Seadrome, but the 
essence is as follows: An airplane 
weighing 25,000 pounds, undertaking a 
non-stop flight of some 500 miles, can 
carry a payload of 5000 pounds at a 
cost of 10 to 12 cents per ton mile. If, 
however, the length of the trip non- 
stop is 1500 miles, the payload may 
thereby be cut to 2000 pounds and the 
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NoB-ft«op« iilcmd-ttop, and rontet across M^Atlontie 


cost per ton mile then becomes 25 to 
30 cents, which is prohibitive. 

It is quite true that much larger air- 
planes, machines equipped with four 
2000-horsepower engines and with a 
gross weight of around 100,000 pounds, 
can carry a larger percentage of pay- 
load, undertake longer trips, and hjavc 
lower direct flying cost per ton mile. 
Nevertheless, even for the largest and 
best cargo airplane, the principle re- 
mains the same. The longer the non- 
stop flight, the less the payload, and 
the more costly the operation. 

For very fast, de luxe traffic across 
the Atlantic, non-stop flight is feasible. 
The post-war business man of vast re- 
sponsibilities, who wishes to spend a 
day in London and come back with 
minimum loss of time, will fly on a 
fast airplane which will bring him to 
Europe non-stop in a matter of 12 
hours or so. The fare may be $500 or 
more, but cost will be of small im- 
portance. Such a fare would be out of 
the question, however, for the ordinary 
traveler or vacationist, but by reduc -5 
ing flight length and decreasing cost 


AJfTI-SVI HELICOFTIIS 
lava BMifMlraltd Aklllly to 
Oio Skip's Sock (or Laadiifs 

Several years ago the use of helicop- 
ters for convoy work was advocated in 
Scientific American. Now the remark- 
able accompanying photograph shows 
the landing of a Sikorsky helicopter on 
the deck of a Maritime Commission 
tanker, with the craft hovering over 
the deck just before landing. In the 



A helicopter lands on deck 


per ton mile, the Seadrome would make 
it possible to charge as little as $150 
for a one-way ticket to Europe. An 
immense increase in air passenger 
travel would follow. 

Again, instead of paying 60 cents for 
an air mail letter to England, we would 
pay 5 or 10 cents at most. An enormous 
increase in air mail would follow. 

For freight and cargo, the steamship 
will probably remain supreme for many 
years to come. Where costs per ton 
mile are counted in cents for the air- 
plane, they are counted only in mills 
per ton mile for the steamship. No air- 
craft, even with the use of Seadrome 
facilities, can begin to equal the cargo- 
carrying capacity of a large steamship. 
But as airplane operational costs go 
down, the possibility of increasing the 
amount of some classes of air express 
is clearly indicated. 

The cost of constructing a Seadrome 
and getting it on station is expected to 
be around $12,500,000. Operating costs 
for three seadromes would be approxi- 
mately $500,000 annually, and main- 
tenance costs should not be high. 


9 


process of the trials, the rotating wing 
aircraft made 24 landings and take-offs 
from the deck of the tanker. This was 
the first time that A helicopter had ever 
been landed on or flown from a ship 
deck, and the first time that there had 
been performed a ship-to-ship ferry 
flight by helicopter. The take-off space 
on the deck of the tanker was only 78 
by 48 feet, closed in fore and aft by 
deck housing superstructure and mast. 
Flotation equipment on the helicopter 
made it possible to take off and land on 
water as well as on board the ship and 
the Sikorsky helicppter showed its us- 
ual flexibility and precision. In the 
opinion of the War Department, the 
advisability of using the helicopter as 
a weapon against the submarine has 
been fully demonstrated. 

ENCnie NATEBIALS 

Caa ki InfrtTti ky ApplieatifB 

of Mow Fffparatifa Nolkalt 

The aircraft engine of 1943 weighs only 
only about half as much ner horse- 
power as did the engine of World War 
I. This decrease in specific weight per 


horsepower is due primarily to im- 
provement in fuels, increase in engine 
speed, and general improvement in 
engine design, but the basic useful 
strength of the materials employed has 
not been greatly altered. 

There is, however, a great deal to be 
done in increasing “fatigue strength” 
of many machine parts. It is not mere 
stress that causes breakdown of engine 
parts but fatigue, since alternating 
cycles of stress occur hundreds of 
thousands of times. J. O. Almen, of the 
Research Laboratories of General 
Motors, in a paper entitled “Shotblasting 
to Increase Fatigue Resistance,” read 
before the Society of Automobile En- 
gineers, brings us some entirely new 
concepts of fatigue resistance, Mr. Al- 
men says that the fatigue strength of the 
most carefully prepared specimen is in- 
creased if a thin layer of the specimen 
is pre-stressed in compression by being 
hammered, swaged, or shotblasted, or 
subjected to pressure by balls or rollers. 
The new process deserves careful at- 
tention by our aircraft engine construc- 
tors, and has further implications in 
many other industries. 

EMCniC BD6CEBIESS 
DtnoRiIrtttd ky BbUsI- 
DrilUd ?aWt Sltn 

Jap Zeros may be excellent in man- 
euvers, remarkably fast on the climb 
and, on the whole, not bad fighting 
ships, but they cannot take it; they lit- 
erally explode when caught in the fire 
of one of our carrier-based fighters. It 
is not too much to say, on the other 
hand, that our aircraft and our aircraft 
engines lead the world in ruggednesf 
and reliability. The photograph of a 
Thompson Products valve from a 
Wright Cyclone engine, with a quar- 
ter-inch bullet hole through the valve 
stem, proves our point. The Wright 
Cyclone was in use in an American- 
built Curtiss Mohawk (75- A) fighter 
in the Far East When the quarter- 
inch bullet pierced it, the valve stem 
should have broken instantly and 
wrecked both engine and airplane, but, 
as a mater of fact, the engine func- 
tioned perfectly for 110 Right hours 
and went through a dogfight. Ordinar- 
ily a valve of the sodium type, when 
the sodium is shot out of it, should 
burn and cause trouble. But even 
though the cooling sodium had run out 
through the bullet hole, the stem with 
its superfine steel structure continued 
functioning. 



Pierced . , . but still iuBctloiied 
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m OTHEB riELDS 

Conducted by The Staff 

O NE hundred and forty years after chemicals in closely related fields. 

the Declaration of Independence The few colors and related products— 
of 1776, another declaration of in- such as medicinals and perfumes— 
dependence was proclaimed to these which were made in America before 
United States, leading to freedom from 1916 were largely derived or manufac- 
reliance on Europe for dyes and other tured from chemicals imported from 
organic chemicals. Europe. It was necessary, therefore, to 

By 1916 Germany had been blockaded build an American dyes industry from 


Dyes Will Be Even Better 


derived from coal tar, dyes are made by 
various combinations of the essentials. 
For example, aniline is made from 
benzene, while beta-naphthol is derived 
from naphthalene. A combination of 
aniline and beta-naphthol gives a dye. 
These five materials can best be likened 
to five different kinds of clay, from each 
of which can be made a great variety 
of bricks. ‘'Bricks’* made from ben- 
zene, toluene, and the others are ar- 
ranged pattern-wise into thousands of 
possible combinations, each combina- 
tion representing an individual so-called 
coal-tar dyestuff. 

The years 1916-1920 witnessed the 
first real production of American colors. 
These initial colors were the simplest 


PrMd by lalensiv* Bmuch from DopoBdoacy oh Foreign Sonreos, Ibo 
Dyes Indulry ii Now Conlribnting Lwgoly to tbo Dovolepmont 
of All Branehos of ibo Cbomical Induiry. Afior ibo War it Wtll Bo Pro- 
dndiig New and Improved Prodneb for PeacoHmo ConnunpHon 

DR. J. H. SACHS 

E* I clu Pont de Nemonr* and Compamv 


and, generally, the least fast. Better 
and more complicated dyes came later. 
Progress was gradual. More compli- 
cated colors were first studied in the 
research laboratory, subsequently made 
in semi-scale plant equipment to prove 
the laboratory process, and finally pro- 
duced in full-scale plant equipment. By 
1919-20 the first of the anthraquinone 
vat dyestuffs, the fastest known colors, 
were produced on a limited scale. 

The financial depression of 1921 ruined 


and shut off from overseas commerce 
for two years. Up to that time America 
had been almost wholly dependent 
upon this foreign source for the dyes 
and other chemicals essential to the 
great textile industry of the United 
Stales. 

In 1916, evidences of our lack of good 
dyes were numerous. The housewife 
complained about the difficulty in ob- 
taining the multi-colored fabilcs to 
which she wa.s accustomed. What col- 
ored materials she was able to purchase 


the ground up. The foundations lay 
deep within the iron and steel industry, 
for in the coal tar derived from the by- 
product coke ovens of this industry are 
found the five essential materials from 
which all synthetic dyestuffs are made — 
benzene, toluene, xylene, naphthalene, 
and anthracene. 

Coloring matters as such do not exist 
in coal tar, but from these five materials, 


some firms, but did not halt research 
and development of dyes and re- 
lated chemicals. By 1925 it could be 
said that America possessed an or- 
ganic chemical industry. Compounds 
used in the petroleum, rubber, and 
numerous other indutries were devel- 
oped as the result of dyes research. 
Taking synthetic indigo as a measuring 
stick, Table 1 clearly shows how this 



proved to be poorly dyed. Never wa.s 
fading of fabric colors so pronounced 
as in the years of the last war. Our 





entry into the conflict in 1917 accen- 
tuated this deficiency in quality dyes. 


The color of the Yanks’ uniforms de- 
pended upon how many times they had 
been washed. Indeed, it was the privi- 
lege and habit of the recruit in World 
War I to give his new uniform a severe 
scrubbing to remove much of the khaki 
color and make him appear to be a 
veteran. 

It was during those critical days that 
America declared its second indepen- 
dence and started to develop its own 
dyes industry. Certain American chem- 
ical manufacturers, encouraged by the 
textile industry which had been so 
badly disrupted by the lack of essential 
materials, decided to enter the field. 
They learned at once that the establish- 
ment of a dyes industry offered little in 
volume of business. America’s total 
dyestuffs bill at that time amounted only 
to approximately 25 cents per person 
per year. Thus a potential thirty mil- 
lion dollar business would necessitate 
research expenditures running into 
millions of dollars before any actual 
production started. ’The dyes industry, 
furthermore, was not made up of a mere 
10 or 20 products, but of literally fiiou- 
sands. Each color, though sold only in 
relatively small quantities, had a defi- 
nite place in leather, paper, or textiles. 
Mass-production methods were not 
adaptable to the synthesis of dyes and 



Loborotery equipment for convertinq water-soluble dybs Into Insoluble pigments. 
Pyei are employed to a large extent In printing Inks, points. Tomlsbes. and so on 
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Much yam Is dyed in what or# known as ''packogss/* Thsss or# stool bobbins wound 
with yam which cnro placod oror circular tubos in a cyllndricol machino and tho 
coTor boltod in ploco. Tho dyo liquor is pumpod through tho tubos and iorcod out 
through tho ycum. Shown is a laboratory packago dyoing machino which is, in ovory 
rospoct, a small-scalo duplicoto ol its countorport usod in commorcial production 


country achieved chemical indepen- 
dence. 

The selling prices of dyetuffs de- 
clined as production increased. In 1918 
indigo sold for 88 cents a pound, in 
1920 for 74 cents a pound, in 1922 for 
24 cents a pound, and in 1925 for 16 
cents a pound. The year 1920 was the 
last in which the sales value per pound 
of domestic dyes averaged in excess 
of $1.00 per pound. The average value 

Table No. 1 


Pounds of synthetic indigo 
Yoor domestically produced 

1914 . None 

1918 3,083.889 

1920 18.178.231 

1922 18.108.020 

1925 24.448.938 

1930 24.328.403 

1940 11.009.307 


in 1920 was $1.07 per pound, while 
by 1930 it had dropped to approximately 
43 cents. This reduction was achieved 
despite the fact that from 1920 to 
1930 the production of the more ex- 
pensive anthraquinone and thioindigo 
vat colors increased tremendouzly. 
Comparative data on total production 
of these fast vat colors, costs, and sales 
values are available &om 1925, as is 
indicated in Table 2. 


chemical skill to produce them, that 
they had no fear of American encroach- 
ment. Today we manufacture over 
two million pounds per month of an- 
thraquinone vat dyestuffs, these vat 
colors now being used almost exclu- 
sively in the dyeing of cotton uniform 
cloth. 

Gradually over the years United 
States import:, of foreign dyestuffs have 
decreased • so much that in 1938, the 
last full year prior to the outbreak of 
war, they amounted to less than 20 
percent of the value of all dyes sold in 
this country. During these same years 
our dyes were being used all over the 
world in constantly increasing quanti- 
ties, 

American dyes today are the equal of 
or superior to any in the world. This 
quality is ever being improved. What 
was considered the fastest color in 
1920 has since been immensely im- 
proved upon. Colors of unprecedented 
fastness have been developed and 
manufactured. New colors often are 
more expensive, but consumers long 
ago learned that the purchase of a 
poorly dyed fabric constitutes an eco- 
nomic waste. The few cents additional 
cost of a fast- dyed fabric is worth many 
times the small difference. 

One color in particular is outstand- 
ing among all others — Anthraquinone 


Vat Khaki 2G. It is so important to 
the military that the production of this 
color alone is more than 30 times greater 
than before the war, and manufacturing 
capacity is being further increased. 

Table 3 illustrates the complexity of 
this particular color. In this table are 
given the chemical formulas, as the 
dye chemist writes them, of benzene, 
naphthalene, and anthracene. Also 
given are the formulas of indigo which, 
with aniline as the intermediate product, 
is derived from benzene; of Thio Indigo 
Brown G which, with thio-beta-naph- 
thol as the intermediate product, is de- 
rived from naphthalene; and of Anthra- 
quinone Vat Khaki 2G which, with an- 
thraquinone as the intermediate prod- 
uct, is derived from anthracene. 

Of course, the layman will be unable 
to carry such formulas in mind, but a 
survey of them will give him an idea of 
what it takes to produce the basic color 
used to dye the cotton cloth for soldiers’ 
uniforms. 
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Table 3 


Another one of the anthraquinone 
vat colors used in increasingly large 
amounts for the dyeing of OD shades 
on uniform cloth is a product of the 
inventiveness and ingenuity of the 
American dyestuff chemist. In fact, 
there are at least a dozen anthraquinone 
colors which have been discovered by 
our chemists as new chemical iden- 
tities. Some are used in relatively 
small quantities for special purposes; 
others in quantities running into the 
thousands of pounds per month. 

The quantity of fast colors available 
to civilians now and for the duration 
is governed completely by the military. 
Like many other commodities — steel, 
gasoline, coal, for example— dyes are 
needed in record quantities for essen- 
tial purposes. What colors are por- 
tioned for civilian fabrics changes al- 
most from day to day. So far there 
have been substantial quantities of fast 
dyes for civilian textiles, but the re- 
quirements and supplies for the months 
ahead are not easily predicted. 


Actually, the weighted average price 
per pound of domestic dyes increased 
between 1930 and 1940. Selling prices 
of individual colors did not advance, 
but there was a greatly increased use 
of the better and more expensive dyes— 
anthiiaquinone vat colors. These were 
the dyes which the Germans believed to 
be their very own in 1916. They boasted 
that no other country possessed the 


Table No. 2 


Year Domestic Production 

1925 88.345.438 lbs. 

1930 88.480.000 lbs. 

1935 101.933.000 lbs. 

1940 127.834.000 lbs. 


Sales of Domestic 

Totol Value ol 

Volue per 
Pound ol 
DomesUe 

Production 

Domestic Soles 

Sales 

79.308.451 lbs. 

$37,488,332 

$ .47 

89.971.599 lbs. 

38.821.810 

.43 

97.954.000 lbs. 

51.488.000 

..M 

122.877.000 lbs* 

78.432.000 

.82 
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Do you know the two big difFerences between 
the JAPS and the CHINESE ? 


Anthropologists who have carefully studied 
the physical characteristics of the Japs and 
the Chinese say they have been unable to 
produce a sure guide for distinguishing be- 
tween the two. They say some Japanese 
look like some Chinese and vice versa. 

But there are two big differences be- 
tween them that are of far greater impor- 
tance to Americans than skin color, set of 
the eyes or facial shape: 

Difference No. 1. The Japs are our ene- 
mies; the Chinese are our friends. 

Difference No. 2. The Japs have a mod- 
em industrial organization for turning out 
the weapons of war. By comparison, the 
Chinese have little in the line of industrial 
equipment. 

Thus we find the Japanese soldier at- 
tacking China well supplied with planes, 
artillery, tanks and other modem equip- 
ment. His opponent, the Chinese soldier, 
is armed with magnificent courage, deter- 
mination and belief in democracy— but is 
short of arms and ammunition. 


Today it is up to the industries of 
America to help remove this great handi- 
cap. Americans must supply the guns and 
planes and bombs and gasoline the Chinese 
cannot make for themselves . . . materials 
they will gladly use to kill Japanese. 

Remember: a Jap killed by the Chinese 
is one less Jap for Americans to take care of. 

Among the many materials needed in 
today’s mechanized warfare is Ethyl anti- 
knock fluid, which is used in high-octane 
military gasolines. The 4000 people en- 
gaged in manufacturing Ethyl fluid are 
making enough to supply not only our 
own armed forces, but those of our Allies 
as well. They know that today “Every 
«lrop of Ethyl counts.” 


ETHYL CORPORATION 

Chrysler Building, New York City 

Manufacturer of Ethyl fluid, used by oU refiners to im- 
prove the antiknock quality of aviation and motor gasoline 
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The establishment of an American 
dyestuff industry has had numerous 
repercussions in other lines. Natural- 
ly, such an indiistry requires a nucleus 
of highly trained personnel, a per- 
sonnel schooled in both research, pro- 
duction, and engineering. Chemists 
and engineers trained in dyes have ex- 
panded their research activities to dis- 
cover €md develop related products, 
and others have contributed to all 
branches of the diversified chemical 
industry. 

Synthetic camphor is an example of 
a product developed by these men. 
For many years the world depended en- 
tirely upon Japan for its camphor sup- 
ply. Today the United States is manu- 
facturing its own camphor requirements 
with a process developed by men who 
were primarily dyes chemists. Neo- 
prene, the first synthetic rubber to be 
produced in America, and a product 
which has assumed tremendous im- 
portance in our war economy, was like- 
wise developed and manufactured by 
men whose primary business was the 
manufacture of dyes. The first pound 
of sulfanilamide produced in America 
was made in the research laboratory of 
one of our largest dyes manufacturers, 
and production of sulfa drugs today is 
being carried out largely by a leading 
dyes manufacturer. 

Every dyes chemist and engineer, 
whatever branch of the industry he 
serves, is busy today. Some are help- 
ing make record quantities of synthetic 
rubber, high-octane gasoline, and other 
war necessities. Others are doing con- 
fidential research for the government 
And still others are manning the great 
new military explosives plants. Had 
not a dyes industry been founded here 
in 1916, we would not have had the 
synthetics so vital to our war effort, 
nor the personnel to make them. 

After the war, all these chemists and 
engineers will be available for peace- 
time research and development. They 
will then produce new and even better 
dyes and new and better synthetics 
to enhance our standard of living. 


FAST FIOTOS 

CatbU Btssareh ScitBliiis 

It Shi4y Exflidvis 

T wo of the world’s fastest high-speed 
cameras are being used to photograph 
the detonation waves of explosions, 
which travel 5 to 25 times as fast as 
sound. These cameras record explosions 
of one-kilogram charges that are about 
six inches long, and a “slow” explosion 
is one that lasts ab#Mt)| One hundred mil- 
lionths of a secondi^^ V 

Perfected by Dr. Ffobert W. Cairns, a 
physical chemist who is now director of 
the Hercules Experiment Station, one of 
these units, called the rotating drum 
camera, has been in use more than five 
years. It is fast-moving enough to 
record all details of the lightning-quick 
activity when an explosion detonates. 

Although the rotating drum camera is 
sufficiently fast to photograph the de- 
tonation wave of any explosive, a second 
camera, ten times as fast— called the 


rotating mirror camera — ^has recently 
been perfected to photograph highly- 
refined measureme^. 

With these cameras, explosives ex- 
perts can see exactly what happens dur- 
ing detonation, and also what took place 
at every instant during the explosion, 
even down to “instants’* as short as one 
ten miUipnth of a second. Findings 
based on this research photography are 
invaluable in the study of the behavior 
of various types of explosive.^. 

A comparatively “slow” explosive, for 
instance, is a grade of dynamite used in 
coal mining to prevent pulverizing the 
coal, whereas certain military explosives 



should be rapid -detonating to secure 
maximum destruction of enemy shipr>, 
tanks, and installations. 

The Hercules cameras are set in a 
special explosion -proof shelter on the 
grounds of the chemical company’s main 
laboratories outside Wilmington. ln:ide 
the shelter is the explosion chamber, 
about the size of a small room. The walls 
of the shelter are two feet thick and of 
reinforced concrete. A narrow passage- 
way winds around the interior, with 
three right- angle turns, to attenuate the 
noise of the explosion, and also to keep 
out daylight. The camera itself is 
mounted inside a steel box made from 
heavy angle iron and steel plates. 

To photograph an explosion, experts 
suspend the cartridge of dynamite, TNT, 
nitroglycerin, or other high explosive to 
be detonated, by wire from the ceiling 
of the chamber. The cartridge hangs one 
to two yards from the lens of the 
camera, which is protected by a stand- 
ard automobile type safety glass win- 
dow. 

From another building, the cartridge 
is detonated by means of an electric 
switch. Elaborate safety devices pre- 
vent firing of the change until everyone 
is out of the danger zone. The fla^ of 
light instantaneously produced by de- 
tonation of the explosive is the only 
light in the sealed chamber. The film 
recording the progress of the explosion 
is actually a photograph that shows the 
details of the light flash, its movement 
and duration. 

The explosive charge is loaded in 
transparent tubes of glass or of cellu- 
lose acetate plastic, to enable the 



Lefi: Double Ions systom of now 
comora for hlgh-spood photography. 
Above: The assomblod camera. 
A Is lens, B the cover. C the od- 
justing screw. D electric lines to 
motor. E connection to vocuum pump 


camera to record the action of the ex- 
plosive grains within the tube. 

Although an explosion sounds like a 
simultaneous blast of the entire charge, 
the camera shows that the detonation 
wave actually travels consecutively 
from grain to grain, up the middle of 
the cartridge from the end at which it 
is detonated by a blasting cap. 

So swiftly does the detonation wave 
travel along the cartridge that the de- 
tonation is substantially complete before 
the plastic tube has been shattered by 
its force 

Films taken of the detonation of vari- 
ous types of explosives show a wide 
range of detonation velocities. Nitro- 
glycerin detonated in a glass tube has 
been recorded at a velocity of detona- 
tion of 300 miles a minute, or 25,600 
feet a second, which is approximately 
25 times the speed of a sound wave. 

Dynamite for coal mining, on the 
other hand, often is only a fifth as fast. 

But even with a “slow” explosive, the 
detonation has been completed before 
the sound of the blast reaches human 
ears. 

Detonations of high explosives that 
occur within only a few millionths of a 
second are among the most rapid actions 
that have been measured. One of the 
fastest known to the layman is the 
blinking of an eye, which medical 
scientists have measured in hundredths 
of a second. Detonation waves of ex- 
plosions travel 10,000 times faster. 


IHEMniN 

Ntw AvaiUblf Te ItMarcliert 
Fram a Domtsllc Same 

F OR THE first time since its discovery in 
1925 bv Ida Eva Noddack and Walter 
Karl Friedrich Noddack, German chem- 
ists, the extremely rare metal rhenium 
has been, extracted from a domestic 
ore by-product. Discovery of the Ameri- 
can source and a satisfactory method 
for the recovery of the metal therefrom 
is announced by A. D. Melaven and 
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NOW! Enjoy LearningTo Speak 



at Home 


Only 15 Minutes a Day! 

YES! It’s amazingly easy to learn to speak good, conversational Spanish in 
15 minutes a day of fascinating practice, in your own home! You learn by 
listening — to clearly-spoken Cortina records. This is the natural, obvious way 
to learn — just as a child learns his own native tongue. 

Now, with trade and cultural ties between the Americas draw- 
ing closer than ever, wide-awake Americans everywhere arc pre- 
paring for the business, travel, and cultural opportunities ahead 
by learning Spanish, ^’easiest of languages.’’ In your spare moments 
you, too, can quickly and cheaply help yourself attain this priceless 
business and personal asset! 

Learn as a child learns— by listening 
to native instructors in your own home! 



T he natural way to learn SPANISH, or any 
language, is by listening to it— the way chil- 
dren learn! This is the Cortinaphone way: to 
listen, then repeat what you hear until speaking 
the language becomes natural to you. 

Cortina 'Team by Listening” Records bring the 
clear, cultured voice of a native SPAN- 
ISH instructor with easy time-tested 
Cortina lessons right into your living- 
room. He talks to you whenever you 
wish— as often as you like — in fault- 
less, idiomatic Spanish. He converses 
with you in every-day SPANISH, 
just as any native would, on the 
streets, in shops, in the offices of a 
South or Central American city. 


New Opportunities Ahead- 
Now is the Time to Learn! 


FRENCH, 

GERMAN, 

ITALIAN, 

(Also Taught) 

Cortinaphone Courhps 
In French. German. 
Italian and English 
(for Spanlsh-apoak- 
Ing people) are aa ef- 
fective in teaching 
you a new language 
as the Spanish course 
described here, and 
are sent on the some 
“Proof in 5 Days" 
Offer 

Check the language 
of your choice on 
coupon below. 


the thrill of being able to stray away from the 
'^beaten paths’" o? the conducted travel tours — 
and truly enjoy out of the way corners of lands 
to the south! 

You’ll be amazed how quickly you can pick up 
ordinary conversation! Business and commercial 
terms soon become second nature to 
you! With Cortina "Learn by Listen- 
ing” Records, you can progress as fast, 
or as leisurely, as you wish! 


SPANISH is the easiest of all lan- 
guages to learn! And this is the finest 
time to learn it. The tremendous 
expansion of our interests in the Latin Ameri- 
can countries will open up excellent opportunities 
for years to come! Practically every day our 
newspapers announce new trade pacts and Ae 
opening of new branch offices in South America 
by U. S. firms. 

Remember, SPANISH means greater social ad- 
vantages, too. Everyone should know at least one 
foreign language. With SPANISH, you discover 
new and interesting cultural fields. And imagine 

FREE BOOK 

Without obligation, we will send the Cortina Academy’s free book, 
"The Cortina Short-Cut to Speaking Foreign Languages.” I" fascinau 
ing pages, this book tells all about the easy Cortinaphone Method a^ 
how it can open up opportunities to you. Mail coupon today — NUW. 

CORTINA ACADEMY 

(Longiioge Spcciqlists For 60 Years) 

DiPARTMENT ISE 105 WIST 40lh STREET NEW YORK 18, N. Y. 
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Sent on 5 Doyt' Approval 

The CORTINA METHOD ha. 
been teaching languages successfully 
for 60 YEARS! And it can do for 
you personally what it has done for 
thousands of others — if you will give 
it the chance. The five days’ free trial 
in your own home will demonstrate 
this to your entire satisfaction — or it 
costs you nothing! 

Today, when SPANISH, the most 
important foreign language in the world, can 
mean so much financial gain and travel pleasure, 
why not see what this fascinating, inexpensive 
Cortinaphone Method will do for you? You risk 
nothing. You first PROVE — right at home — 
that this amazing method CAN teach you the 
language of your 
choice in only 15 
minutes a day— in 
your spare time, usu- 
ally wasted. 


What Othera Say 
RUDY YALLEE 

■»ys . “delighted with re- 
sults from 8pRn»h and Prencli 
Cortinaphone Courses 
Invaluable in broadcasting and 
recording “ 

FRANK LUTHER 

says “Pronunciation on 

records remarkably clear." 

"Anyone Can Learn" 

“Your clear records make It 
possible for anyone to learn 
the language of their choice 

Mr. Tom White, Muskogee, 
OkJa. 

"A Deed Investment" 

“Have Just returned from Mexico 
and found that my Cortina- 
phone Course was a good In- 
vestment “ — Phillips B. Men 

Pronungiatlon SurprlsM 
Teieliers 

"The teachers of the schools 
here are surprised at the pro- 
nunciation which 1 acquired 
through your records ’* — L. B., 
Oregon. 

Immigratlen Offiolil 
Well Satisfied 

“I believe your Method to be 
unsurpassed for acquiring a 
working knowledge of a foreign 
language In the shortest time, 
and 1 am well satisfied with 
the progress I have made,’*— 
L. S . tJ. 8. Immigration and 
Naturalisation Servloe. 


DESCRIBES 5-DAY 
TRIAL OFFER 


CORTINA ACADEMY(L«n,u«it Spicialists For 60 Years) 
Dept 159, 105 West 40th Street, New York 18, N Y. 

Please send me— without obligation— your free 
book "The Cortina Short-Cut” and Proof-in-5- 
Days offer. 

(Check language in which you are interested) 

n SPANISH in Frtnch □ Oirman □ Italian 


Name 


Address 


City 


State. 
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J. A. Bacon of the Department of Chem- 
istry, of the University of Tennessee, at 
Knoxville. 

The source material from which the 
rhenium has been extracted is a flue 
dust obtained from the roasting of a 
molybdenum ore mined in the western 
United States. The rhenium, occtirring 
to the extent of a few parts per million 
in the original ore, is concentrated to 
the extent that the flue dust by-product 
from the roasting operation contains 
from 10,000 to 15,000 parts per million of 
the metal, the roasting operation at the 
same time converting the metal to a 
soluble compound form. 

The recovery of rhenium in the form 
of one of its pure compounds is accom- 
plished in three relatively simple steps. 
The flue dust is first treated with water 
to remove the soluble compound of 
rhenium from the insoluble materials. 
The water extract is then treated chem- 
ically to effect precipitation of the metal 
in the form of potassium perrhenate. 

The product of this precipitation con- 
tains approximately 30 percent of the 
metal by weight. Final purification of 
the potassium perrhenate is accom- 
plished by subjecting the crude ma- 
terial to a series of washings and repre- 
cipitations. The free metal may be ob- 
tained from this pure compound by one 
of several available methods. 

Prior to the work by the University 
of Tennessee chemists, all of the 
rhenium sold in the United States was 
imported from Germany. Since the 
outbreak of present hostilities, available 
supplies of rhenium for research and 
other purposes in this country dwindled 
to the point of virtual non-existence. 

The metal rhenium, while having 
unique properties of its own, bears some 
resemblance in physical properties and 
chemical behavior to the more familiar - 
molybdenum, tungsten, and manganese. 
Its high melting point among metals is 
exceeded only by that of tungsten, and 
its density, greater than that of gold, 
is exceeded only by platinum, iridium, 
and osmium. 

Being a relatively recent addition to 
the list of chemical elements, its poten- 
tialities as a material of future industrial 
and economic importance have not been 
fully exploited. However, research on 
the element with the view of finding im- 
portant uses for its unique properties is 
underway in several laboratories. 

TOOL CMS 

Speeds hdasirUl PredaeUea, 

Places Bespeasibility 

Good housekeeping as far as the care 
of tools is concerned, as shown by the 
accompanying phoUJgfaph of a cutter 
c-^binet inside a tool crib at the General 
Electric plant in Philadelphia, is help- 
ing speed war production in many Am- 
erican war plants. 

One of the most successful tool prac- 
tices is the crib system which classifies 
tools and equipment used in the shops. 
Under this system, employees are re- 
sponsible for the tools that they use. 

Some tools may be kept for an in- 
deflnite period, while others must be 
turned in at ihe end of the shift so 
that workers on the following shifts may 



Good housekeeping speeds production 


have the use of them. Many of the tool 
cribs are equipped to repair worn or 
damaged tools. Tool crib stocks are 
replenished from central tool crib stock 
rooms. Special metal boxes, each 
marked with the number of the tool 
crib from which it came, are provided 
for delivery of tools and equipment 
from the central stock to the individual 
tool cribs. 

BOMBEB CEOINC 
Bsf sltd by Msw 
Gessralsr Bmsbss 

A NEW chemical development that 
enables American bombers to fly higher 
into the sub-stratosphere and stay there 
longer increases by 50 times the high- 
altitude life of carbon brushes for air- 
plane generators. The brushes were 
developed by Dr. Howard M. Elsey, 
research chemist at Westinghouse, and 
have been made available to all com- 
panies producing air force generators. 

Brushes are the bars of carbon which 
pick up power from the generators and 
relay it to the plane’s electrical sys- 
tem. If they fail, and the batteries are 
drained, a bombing plane’s radio, radio 
compass, landing gear, lights, and other 
vital auxiliaries cannot operate. 



Beseorch Cbemlft Elsey* who devel- 
oped new 'plane generator brushes 


**Generators equipped with treated 
brushes/’ Dr. Elsey says *’are now able 
to deliver electric power at normal 
capacity for 100 hours or more above 
30,000 feet. Untreated brushes wear out 
in an average of two hours and they 
may fail in a few minutes if the genera- 
tor is called upon to deliver large 
amounts of power.” 

The new brush development simpli- 
fied the problem of providing electric 
power to pump air into a sealed bomber 
cabin, keeping the crew alive at alti- 
tudes around 40,000 feet. Without the 
new high-altitude brushes, pressurized 
cabin planes would have to carry more 
or larger generators to insure enough 
power for the pressurizing pumps. This 
added load would hold down their cell- 
ing. 

Dr, Elsey’s process involves impreg- 
nating the porous carbon with a chemi- 
cal ingredient that becomes a lubricant 
when the brushes are pressed against 
the revolving copper commutator by 
strong springs. 'Diis ingredient puts a 
film on the copper to lessen friction that 
rasps ordinary brushes into powder at 
altitudes above 25,000 feet. The chemi- 
cal itself is being held a close military 
secret. 

“Untreated bruslies,” he explained, 
“were satisfactory for low-altitude fly- 
ing but beyond 25,000 feet under ‘fight- 
ing’ electrical loads they disintegrated 
into dust in a few hours. This limited 
high- altitude flights, endangered trained 
crews and valuable ships, and necessi- 
tated frequent ‘time out’ from flying f 
brush replacement.” 

SPOMCC BUBBEB 
Siikilittttt Dtrivtd from 
Liatltic Acid 

A MAJOR research contribution to the 
war effort is in the form of an urgently 
needed substitute for sponge rubber 
made of linoleic acid, a derivative of 
vegetable oils, developed in the Re- 
search Laboratories of Bauer and Black 

The sponge product can be made in 
any thickness and in varying densities. 
It has a useful property of vulcanizing 
directly to many surfaces such as metals 
and plastics and it has flex-cracking 
resistance which improves at lower 
temperatures — the direct opposite of 
sponge rubber made from natural rub- 
ber. In many other respects the proper- 
ties of the new substitute are so close to 
those of rubber that they appear 
identical. 

PATTEBBED GLASS 
Dilfascs Light, Is Decorative. 

Has Many Uses 

F LAT glass sheets that are now being 
made in 12 distinctive patterns have a 
wide potential use in many places 
where plain glass is now used and in 
places where it will replace other mat- 
erials with greater satisfaction or 
utility. 

These glass sheets, available in tem- 
pered form, are so patterned as to dif- 
fuse light and to give a variety of ap- 
pearance. They are being used in par- 
tition doors and sections, for shelving 
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and shower stallb, for windows and 
change plates in cashier’s booths, for 
oven lining and shelving, as sludge 
plates in sewage disposal plants, in 
connection with built-in lighting fix- 
tures, and so on. 

"DISTILLED" WATEB 
Prodactd CkeaicaUy Ur 
Udastrial AppUcailtBS 

P RODUCING mineral -free water by an 
entirely chemical treatment is one of 
the recent developments in the science 
of water conditioning. The age-old 
method of producing distilled water 
was to boil off the water, leaving the 
minerals. This method required huge 
stills and tremendous quantities of 
heat. The new Permutit “demineraliz- 
ing" process requires merely passing 
water through beds of chemicals to 
remove the harmful minerals, produc- 
ing “distilled" water at a cost often as 
low as 5 percent of the cost of distilla- 
tion. The importance of this process is 
indicated by the fact that today’s war 
industries require tons of such purified 
water. 

In the “demineralia^ing” process two 
steps are required to produce synthetic 
distilled water. In the first step, cal- 
cium, magnesium, and sodium ions in 
tap water are removed by “ion-ex- 
change" zeolites. The second step in- 
volves absorption of the resulting acids 
formed in the first step. The final water 
is suited for industrial processes, boiler 
feed water, manufacturing, and so on 

“Demineralizing" has proved appli- 
cable to storage batteries, alcohol de- 
proofing, brewing, preparation of pho- 
tographic film, soda water, and other 
consumer products. Adaptations of the 
process have also found special appli- 
cations, such as purifying sugar and 
increasing yields from sugar cane, 
purifying gelatin, recovering metal 
from industrial wastes, and so on. 

POST-WAB HONES 
Will be Cbeafier, Belter, 

Becente el Scienee 

T he American who plans a post-war 
home, the architect who designs, and the 
builder who constructs it, stand on the 
threshold of an exciting adventure, in 
the opinion of £. B. Alvord, head of the 
Specialty Chemical Section of the Du 
Pont Company’s Grasselli Chemicals 
Department. 

His vision of tomorrow’s home, shaped 
out of newly -developed materials which 
have been severely tested in the crucible 
of war, is a challenging picture. 

The house of the future will almost 
certainly be made of standardized, mass- 
produced parts. Owner and architect 
will assemble the parts in any shape 
and form desired. Such a home will be 
enormously cheaper than those of today 
— estimated by some authorities at $500 
to $800 per room. 

It was reported that plywood adhe- 
sives recently perfected for the aviation 
industry will be available after the war 
in great quantities. Thin sheets of 
“veneer,” or ply, bonded with- these 


new glues, can be bent or molded into 
practically any shape desired. Plywood 
furniture, bathtubs, light walls, and 
movable partitions as strong per unit 
of weight as steel will go far toward 
making possible the inexpensive and 
durable house of tomorrow. 

“Take wood, for example,” says Mr. 
Alvord. “Chemical science is capable of 
endowing wood with qualities that 
vastly improve upon Nature. Retaining 
all its inherent advantages for construc- 
tion-workability, economy, low heat 
conductivity, and ease of replacement — 
the chemist can supply the post-war 
building industry with lumber treated 
LO as to be a distinctive structural 
material in its own right. 

“In the chemical transformation of 
wood,” says Mr. Alvo^, “another sub- 


stance known as crystal urea shows 
great promise. Green woods, impreg- 
nated with urea and dried, become rela- 
tively plastic when heated. They may 
be bent, twisted, and compressed. They 
retain their new shapes, resuming their 
normal rigidity and hardness, when 
cool. 

“Plastics formulated from cellulose, 
the skeleton, so to speak, of trees, and 
from other sources, will be used widely 
by the building and furnishing indus- 
tries. Everything from luminous light 
switches to decorative pieces are pre- 
dictable. 

“There have been significant wartime 
advances in finishes technology that will 
be adaptable to the beautification and 
protection of peacetime dwellings. Fin- 
ishes research lately has been producing 
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uyrh who show unusual proficiency in sttence subjects. Inauguratet/ 
in J932,^ it has been accepted by preparatory and high schools as an 
inspiration to these young people to encourage their scientific endeavors. 










A War to Win ... A Life to Live 



Johnny Davis, sitting at 
the desk in his room . . . 
dreaming ... is not just 
one boy. He is one of the 
many who hold in their hands a bronze 
medal — the Uausch & Lomb Honorary 
Science Award — and dream of the future. 

These days are difficult for lads like 
Johnny Davis. Today^# . • High School 
Graduation Day . . . marks the end of his 
carefree world. 

Tomorrow Johnny and a host of fel- 
lows like him will take up arms for their 
country. Some haven’t thought much about 
the future they’ll come back to. But 
Johnny’s mind is made up. Johnny is 


going to be a scientist ... a great scien- 
tist . . . and time out for a year or two to 
win a war won’t stop him. 

In times such as these the Bausch ik 
Lomb Honorary Science Award takes 
on a new meaning. It becomes a tangible 
link to the future for those who today 
have a job to do for their country. 


BAUS 

OFIICAL CO 



MB 


iTER, N. Y 


tSTABl ISHED IHSS 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OFFICAL CiLASS AND INSTRUME.VrS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGIH' CORRECTION 
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IMMEDIATI DILIVIIIY 
LATEST TYPE INDUSTRIAL A LARORATORY EQUIPMENT 



HEAVY DUTY TWIN 
COMPRESSOR 


Complete automatic twin cylinder outfit 
fully equipped with a heavy duty % 
H.P, motor, air tank (300 lbs. test— 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1.7 cu. ft per min. 

Modtti D H 6 i<i 

IZ** X 24^ tank A.C. XIO or 220 v. 60 cycit 

$57.50 

16*' X SO** tank A.C. UO ar 220 v. 60 cycl« 

$64.50 


una itoek ar air coasritsori, ^ H.P. to 20 
M-f- A.C. and O.C., ail yoltaset. 1 to 120 
C.F.M. dlfplacaaitnt. built for ail requlrtmtnti. 
Additional data on rtqutst. 




BLOWERS 


Many purpose 
stamped steel 
housing, flange 
mounting, quiet 
operating. De* 
livers 60 c f m. 
Complete with 
6* cord Sb plug 
no volt AC 

112.96 


BXHAUST PANS, BUOKIT BUDIS 
Oiaml EImMo A.0q IIS vtH Motors 



Prloxitleo required. 


9* 

lo- 

ll* 

16* 

16* 

11 * 

IS* 


R.P.M. 

cu. ft. 
per min. 

Pries 

1550 

550 

91S.M 

1500 

550 

11.51 

1750 

BOO 

18.N 

1760 

1800 

31.M 

1140 

1650 

r.56 

1750 

2500 

83.59 

1140 

8100 

t8.M 

1140 

3800 

36.06 

1140 

4000 

a.99 

ISO 

3800 

48.M 


"BUSH" COHDENSERS 
’ TINNED COPPER 

Designed for re- 
frigeration and air 
conditioning. Has 
many other uses. 
High heat transfer 
capacity and great 
efficiency. 

Sizes 8^ X 10% $5.50 each 

Single Coil, double fin 

Sizes 10% X IIVa $6.50 

Double Coil 

Limited numbef of larger sizes on 
hand. 




«TAQ" TEMPEIATURB BECOEDERS 



Temp Kang-e 0* to 


These recording 
thermometers 
have a 60 in. long 
capillary bulb for 
remote recording. 
Accurately re- 
cords temperature 
for each 24 hours. 

-I-50T $19A0 


IMMERSION HEATERS 


Ideal for heating a small amount of fluid In- 
stantly. Complete with approved cord plug. 
Will At any drinking glass. Will not contaminate 
water. 


600 watt 110 volt 17.66 

Limited Amount. Oen. Elec. St Cutler- 
Hammer (fits IH* pipe thread). 1200 
watts. 110 or 230 v. three heat ... 916.86 


*tailor-made^ particles to give paints 
special characteristics for special uses. 

“Air-conditioning will eventually be- 
come as standard a part of the American 
home as the cook stove,’' Mr. Alvord 
points out. “The very same safe re- 
frigerant that you may have today in 
your present refrigerator is being man- 
ufactured in quantities far exceeding 
pre-war needs.” 

COIfETOl BELTI 
Bclag Usti at HiflitBl 
Earthsa Dam 

W ITH resumption of work on giant 
Anderson Ranch Dam in the south fork 
of the Boise River, Idaho, conveyor belts 
will become the main haulage system for 
the first time in construction of an 
earthen barrier. Nearly 30,000 feet of 
belts supplied by the Goodyear Tire and 
Rubber Company will be used to handle 
most of the 12 million cubic yards of 
clay and other types of soil needed for 
this, the highest earthen dam in the 
world. 

Supplementing another flood control 
and irrigation dam further down the 
river, the Anderson Ranch Dam will be 
444 feet high above its foundations and 
350 feet above the stream bed. Its con- 
struction is expected to require several 



One of tho aino long convoyor 
bolts In us# ot o western dam 


FOEOED DRAFT BLOWERS OOMPLETE WITH MOTOR 

TTPg H.P. RP.M. CU. FT. MIW. IWLgT OUTLgT PRIQg 


0 


iC 


1750 

1750 

1760 

1760 

1760 


160 

350 

535 

950 

1900 


ji? 

7%* 

W 


mom QUO TgP A RE FOR A O. 110 V. 60 OY OLgB OlfLT. 
OTHER VOLTAOB8 OK REQUIST. 


36.C. 

36.60 

17.50 

76.9# 



PIONEER AIR COMPRESSOR CO., Inc. 

iaO-» CHAMBERS ST. MEW YORK 7 , N. Y. 


years. The river’s flow is being diverted 
through a 1600-foot tunnel, 20 feet in 
diameter, until the dam is completed. 

Nine flights of belts in 36-inch widths 
will carry impervious clay for the core 
of the dam from a borrow pit a mile and 
a half away. Several 60-inch belts will 
help provide the pervious material for 
the exterior from another borrow pit. 

In this belt-conveyor project are in- 
cluded all the Goodyear developments 
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worked out for other projects such as 
the 10-mile conveyor system at Shasta 
Dam; pneumatic tires beneath the belts 
as at Grand Coulee Dam; and double 
counterweighted “dipsy-doodles" as at 
the Permanente cement mill in Cali- 
fornia. 

Another feature of the Anderson 
Ranch Dam belt- conveyor installation is 
the fact that the belts will generate some 
of the electricity needed for the dam’s 
construction. In addition to providing 
electricity, generators on the belts also 
act as brakes to prevent too rapid 
speeds. 

CONDQCTlfE HEELS 
Rtnove Dtaitr frem 
Sialic Sharks 

Almost perfect protection for such 
diversified workers as munitions 
makers and hospital attaches, a rubber 
heel which conducts electricity instead 
of insulating against it has been an- 
nounced by The Goodyear Tire & Rub- 
ber Company. By means of a special 
rubber compound of which the heels 
are made, static electricity within a 
worker’s body is carried off almost at 
the time of inception. Thus a suffici- 
ently large accumulation of electricity 
to cause a dangerous spark is averted. 

With normal rubber heels, the static 
electricity accumulates within a work- 
er’s body until it generates a spaik 
strong enough to go through the heel 
and, at the same time, strong enough 
to be dangerous. 

On hospital shoes, according to Good- 
year, the conductive rubber heels per- 
form an important function by protect- 
ing patients from dangerous sparks 
while undergoing operations in which 
electricity is involved They also guard 
patients against other vagrant sparks 
of static electricity from doctors and 
nurses. 

Now being produced in large quanti- 
ties, mainly for munitions makers, the 
conductive rubber heels are built with 
brass washers instead of conventional 
steel in order to provide better adhes- 
ion with the rubber. Each heel, before 
leaving the factory, is carefully tested 
with a low-voltage electric current 
passing between an electrode and a 
steel table on which the inspections are 
conducted. 

CHEAPER ALCOHOL 
Prtctii Alie Tiflds 
btxysBsIva Prftshi 

Concentrated protein that can be sold 
for a little as five cents a pound will 
soon be available in large quantities as 
a by-product of alcohol distillation, 
according to present indications. 

The protein — which is almost iden- 
tical in appearance, consistency, and 
food value to dehydrated egg white — 
results from a new process for distilling 
alcohol discovered recently by govern- 
ment scientists after months of research 
at the Park and Tilford Distillery. 

The discovery, which will have the 
immediate effect of considerable saving 
to the government in war-klcohol 
costs, was made by Irvin W. Tucker, a 


young chemist in the United States 
Department of Agriculture working 
under the direction of Dr. A. K. Balls, 
chief of the department’s enzyme re- 
search laboratory. The new alcohol 
process is unusually rich in both war- 
time and post-war possibilities, accord- 
ing to Frank G. Handren, president of 
Park and Tilford Distillers, Inc. 

Here are a few of the developments 
envisaged: 

1. Recovery of one billion pounds 
annually of protein in a practically 
pure form, which can be used as a sup- 
plement to livestock feed, for protein 
enrichment of white flour for bread and 
cereals, and for processing into a num- 
ber of essential chemical products, in- 
cluding casein — which now costs about 
20 cents a pound. 

2. Complete elimination of barley 
malt, now the most expensive single 
ingredient, from the alcohol distillation 
process. 

3. Revolutionizing of the alcohol in- 
dustry by making alcohol, now the 
principal product, assume the role of a 
by-product in the industry. 


4. Large-scale production of grain 
alcohol after the war for synthetic rub- 
ber and other industrial products. 
Hitherto grain alcohol production costs 
have precluded such a development. 
The new process, when fully developed 
commercially, will cut grain alcohol 
producing costs in half. 

At present, malted barley is em- 
ployed in grain alcohol production be- 
cause of its high concentration of dias- 
tase, an enzyme whose function is to 
convert the starch of cereal grains into 
sugar to serve as a digestible nutrient 
for the growing plant. In the distilla- 
tion process, the barley malt converts 
the starch content to sugar, feeding 
distillers’ yeast and giving off carbon 
dioxide and alcohol as by-products. 
Natural diastase is present in wheat 
and other grains, of course, but it is 
usually destroyed in the cooking pro- 
cess preceding the conversion step in 
di.stillation. 

Under the Balls-Tucker process, a 
solution of sodium sulfite — a plentiful 
waste product of several industries, in- 
cluding pulp and paper, ore roasting 



War production demands precision from start to finish— 
from toolroom through production, Witliout precision, 
the vast auantilies of war supplies so urgently needed 
could not DC produced in time— for efficient mass produc- 
tion is baseil on a degree of precision which permits per- 
fc<’t interchangeability of thousands of duplicate units. 

Because of their dependable precision. South Bend 
loathes have long been favorites m toolrooms. For this 
same reason, plus a fatigueless ease of operation, they 
have become equally popular for production opera- 
tions. They are now stepping up production in nun- 
dreds of war industries — with no sacrifice 
in precision. Write for a catalog. 


Write for 
^'HOW TO RUN 
A LATHE'' 

A practical instruction 
book on the operation 
and the care of engine 
lathes. Contains 128 
pages, 6H* X 8*. Send 
25 cents for your copy. 


SOUTH BEND LATHE WORKS 


South Bond, Indlono 


Lotho Buildtrs For 3B Yoors 
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Baild Yoar Oara Saarohllght 

Ui Sf kmy Paraballe MIrrar 
PrMMiM Quiity 




r«oal 

Olaao 


K. j’ 

DIa. 

Longth 

ThieknoM 

Price 

30 In. 

12‘i In. 

7/10 In. 

4 75. 

n 

30 in. 

18 V4 In. 

7/10 In. 

185. 

Made by Baufioto Jk 

tomb A Paraoni 

Parxaetly ground and highly pollahod. 


A fiw M la. tllghtty aaai Mtlal 
aiirrers oa haaA S226. m. 


HAND eLINOMBTIRS, PINOANT 

U. S. Army Engineers, Geologists, Sur- 
veying, Mapping, etc. Magnifying Eye- 
piece 


Variable Rheo- 
stat, Ward Leo- 
nard vltrohm. 
double plate 8* 
dia. 8 to 16 amp, 
4 ohm, front or 
back connected 
$18.00 
Ward Leonard 
Vltrohm Rheo- 
stats. Variable 
600 ohm, .8 to 1.6 
amp., 86 steps, 
field regulation 
type $12.00 


U. 0. Amur Oenaraton, Slfnal Corpa double our- 
rent, hand drlTtn; dallTere • rolte at 416 AlfPS 
and 340 aolta at .84 AMPS. 

Bronia Oaan in Aluminum Casa. 

Approslmata Waieht: 40 pounds 

Price 1(85.00. 



DYNAMOTORS 0. 0. t o D. 0. 

84-760 volt. Oen. Bleotrle 200 
mine 487.40 

84-1000 Oen. Deo. 1000 mUU I 

$44.M ' 

12-340 volt 80 miUl I18.H 

12-750 volt 200 mUle 10.00 

g -340 volt 80 ml^ 0.00 

-300 volt 80 rnffiii 7.40 

00IIYE8T8RS 

•*Wappltr Z-Itar Oo.** 110 or 880 d.e. input— 74 o. 
160 a.e. output. 

hk KVA .... 446.00 3 KVA .... |06 00 

1 KVA .... 404 00 4 KVA .. . 4110 00 

U6 KVA .... 476 00 


MOTOR GENERATORS 

120 d.o , 110 or 220 a.c., 500 cycles, 250 watt 

4145.00 to 4175.00 

120 d.e.. 110 or 220 a.e.. 500 cycle, 500 watt 

4175.00 to 4250.00 

120 d c., 110 or 220 a.e., 500 cycle, 1 kw, 


44^5.00 to 4825.00 
role, 2 kw 


120 d.e . 110 or 220 a e.. 600 cycle, 2 kw 

4300.00 to 4445.00 

120 d c , 110 or 220 a c., 500 cycle, 6 kw 

4445.00 to 4550 00 

120 d C to 400 d c. 2 kw ... 1425.00 to 4275.00 
120 d c to BOO d c 2 kw 1250.00 to 4825.00 



0. %. ARMY 
AIRGRAFT MI8R0* 
PHONI 

Ifanufaeturod br Weet- 
am Blaotrle, iiO ohmo 
Braast typo earn.)n 
microphone trjuiimlt- 

{Sunns. 

and braaatplata. Bmp- 
ttonal valua .... S8JI 


TUNGSTEN GONTART DISOS 

l 3/16* dia.— 1/14* thick. Pure metallic tunseten 
eontaotc. Machined and pollahod. 


18.00 ca. 


17. S. Navy rotary 
spark gap, en- 
closed multiple 
electrode, high 
speed, can handle 
10 kilowatt. % 
H P.. 110 V. verti- 
cal motor (spe- 
cify AC or DC) 

$75.00 


$8.0$ per pair 





with Platinum 
Throw .................... 


West. Elec. Anti- 
Capacity Switch- 
es, 14 Terminals, 
Contacts. Double 
12.00 each 



Bella, 12* bronze 
gohg, “turtleback’* 
electro -mechanical, 
6 volt, single stroke, 
“Oamewell Elec- 
tric” $20.00 


U. S. Nsvy Oivtrs Lantirn 

Electric 150 watt, any voltage solid cast 
brass. 300 lb. teat. Weight 12 lb. 

Price ... 58.50 

U. S. ARMY TELEGRAPH SET 

signal Cor{)s telegraph key and sounder 
mounted on mahogany board. Oper- 
ates on 2 dry cells. For Moise Code Sb.SO 

GLASS MERCURY TUBE SWITCHES 

3 amp $1.95 10 amp $2.25 

20 amp. 


10 amp $2.25 

.... $2.95 


Motori, aynohronouf. 880 v. 60 eyelM 1000 

R P M. HH.P 440.00 

Motors, Synchronous, 830 v. 50 cycles 1800 R P.M 
14H.P 404.40 

SIRENS 

tTnlvenwl AC A DC 120 volt Portable 
Weatherproof Limited number SASM 


Telegraph and burner portable sets, mahogany 
case, 2 tone 4 contact platinum point high fre- 
quency buzzer. 2 telephone toggle switches, po- 
tentiometer, sending key. 3 mfd. condensers, 
transformer and 2 choke colls, receiver. 410.00 


Webster ^4" spark coil, 110 volt, 
watts, with vibrator 


cycle 30 

45.00 


EDISON STORAGE BATTERIES 


Cells are in ezceilent condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 20 years. Two- 
vear unconditional Guarantee. 



Amp. Hrs. 87 ...... 

Amp, Hrs. 11. . 

Amp. Hrs. 18............ 

Amp 85 , 


A -4 Amp. Hrs. 160 .........Ea. $6.00 

A-0 Amp. Hrs. 225 Ea. $.00 

A -7 Amp. Hrs. 262 Ea. 7.00 

A- 8 Amp. Hrs. 800 Ea. 7.00 

B-2(J-2) Amp. Hrs. 87 Ea. 5.50 

M-S Amp. Hrs. 11 Ea. 2.00 

L-20 Amp. Hrs. Ea. 2.50 

L-40 Amp 85 4.00 

All cells 1.2 volts each 

Above prices are per unit cell. For 6 volt system use 
5 cells, 12 vt.— 10 cells, 110 vt.— 88 cells. Note: On all 
cells 76 amps, or less an additional charge of 10% is 
to be added for trays. 

lUlllunM OECnijua BAMMII l«iSE,INe .,120 ClMlersSt.lLr. 7 .N.Y. 

D$pf. S. S. 


and coke making — is used to extract 
the diastase from wheat before it is 
cooked. The resulting solution sup- 
plants the barley malt hitherto used 
to convert the starch to sugar after 
cooking. Simultaneously, the sodium 
sulphite extracts the protein content 
of the wheat, which rises to the sur- 
face as a thick, yellow froth. 

Little, if any, additional equipment 
at distilleries is needed to separate the 
diastase-containing froth from the vir- 
tually pure residue of starch. Drying 
out the froth is a simpler task than 
the ordinary distillery recovery process 
or than the more elaborate methods 
required to recover the spent residue 
of wheat. It is wheat, instead the 
customary corn, that distillers are now 
using for war-alcohol production. 

After distilling the alcohol, distillers 
ordinarily have the residual slop evap- 
orated and dried. The resulting solids 
are sold to livestock feeders as “distil- 
lers* dried grains’* for about two cents 
a pound. The Balls-Tucker process not 
only extracts the protein — the im- 
portant constituent of dried grains — 
but it does so at the beginning rather 
than at the end of the alcohol produc- 
tion line. This reduces the bulk to be 
handled in the various stages of pro- 
duction and cuts down the residue to 
a thin slop which can be dlspo.sed of 
with relative ease. 

FARTS HARDCNIN6 
Sp$$d$d, Nidt Ttrsililt, by 
Ntw Elgclrictl EfniyniMil 

At least 50 percent of the time for- 
merly required to harden a wide variety 
of Diesel engine parts is now being 
saved by one company with recently 
installed equipment for heating and 
hardening by electrical induction. 

Some 35 separate parts, ranging from 
7/16-inch bolts to large Diesel wriit 
pins, over six inches in diameter and up 
to 18 y 4 inches in length, are now being 
accurately hardened to the desired de- 
gree and depth, in less than half the 
time formerly required when the entire 
parts were carburized. 

The simplicity of the process was 
demonstrated recently by T. E. Egan of 
the Cooper-Bessemer Corporation, who 
placed a crankshaft for a Diesel fuel 
pump into place on the machine. By 
pressing a button, the selected bearing 
surfaces of the crankshaft became red- 



Vwsattle hordAiiing •quipmaiit 
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hot within a few seconds, and jets of 
water automatically sprayed the heated 
areas, thus quenching and completing 
the hardening operation. 

By merely changing the fixtures and 
induction coils, many of which are de- 
signed and built in the Cooper-Bes- 
semer plant, the machine is prepared to 
accommodate any one of the 35 items 
that are hardened in this way, and 
which include such parts as gears, cams, 
wrist pins, and ball races. 

In hardening wrist pins, for example, 
an automatic, hydraulically operated 
fixture is installed which feeds the pin 
through the induction coils at a con- 
trolled speed so that the entire length 
of the wrist pin is heated to the desired 
temperature and quenched in one con- 
tinuous operation. 

“Hardening time for a wrist pin,“ said 
Egan, “is now reduced to 38 seconds. 
This process not only completes the 
work in seconds instead of hours, but 
also reduces distortion to a minimum 
and saves critical material by permit- 
ting us to use a carbon steel in place of 
high alloy steel formerly used ” 

ACOUSTIC STETHOSCOPE 
Detects Soands Within the Body 
Reretoforo Unheird 

A NFW acoustic stethoscope, so .sensi- 
tive in its range of hearing that it intro- 
duces many sounds doctors have never 
heard, promises to widen the study of 
sound within the human body. The beat 
of the heart, normal or abnormal, res- 



Sounde never heard beiore 


piratory rattles, peristaltic squeaks, 
murmurs, and groans, all are amplified 
to facilitate diagnosis, based upon the 
.structure of sound. 

It has been found the sounds of the 
body range from 40 to 4000 cycles, the 
full range of which is covered for the 
first time by the new stethoscope. Above 
4000 cycles most of the sounds in the 
body are so weak that they are masked 
by ^e ambient random noises generated 
within the body. It is explained that 
respiratory sounds such as wheezes and 
the rushing of air are of a complex na- 
ture. Therefore, in designing the new 
stethoscope to gain maximum intelli- 
gence, the instrument transmits all fre- 
quencies over the range from 40 to 4000 
cycles without attenuation or discrim- 
ination. The ordinary stethoscope has 
an effective range between 200 and 1500 
cycles. 

The advantages of the new stetho- 
scope, according to Dr. Harry F. Olson, 



Smoothly geared 
to duration living 


A home, a headquarters, a stopping-off place 
...The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 
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MIND 




MATTER 





WHICH CONTROLS YOU? 

Sct«nc« Myg that tha chemical efemetita com- 
poaing a man*a body may be bought for aixty 
centa at a pharmacy shop. But the real part of 
you ia the infinite, creative power within — -it 
makca YOU a living, vital being. 

By the proper uae of thia creative, eleMlng 
force within you, you can DOMINATE YOUR 
LIFE and MASTER THE CONDITIONS 
WHICH SURROUND YOU. The Roatcruciana 
have ahown thouaande of thinking men and 
women how to uae thie infinite power. Learn 
to direct the inner proceaaea of your mind. 

This Free Book Explains 

The Roaicruciana will aend the SINCERE 
SEEKER a free copy of the new book, “The 
Maatery of Life,’* which tella how you mav be- 
come a atudent of theae age-old trutha. Andreaa 
a letter (not a poatcard of curioaity) to: 

Scribe X.VX. 

The Ko sicrucians 

— A MO R C — 

SAN JOSE, CALIFORNIA 

Tht Kotitrucunt trt NOT « r*ligioui orgsmtslioH 


End damp air with 

DRI-AIR 


DRI-AIR draws excesa mois- 
ture from air In damp base- 
ments Protects tools and ma- 
chinery against rust, mold, 
mildew Complete DRl-AIR 
outfit IS 60 fob. Chicago 
Order now I Dealers write today’ 
TAMMS SILICA CO 
228-S North LaSalle Chicago, 



MAKE YOUR OWN 
TELESCOPE 

at a coat of Iota 
than $25. 

working from Inoxponslvo, 
proparod kits of glass, abra- 
sivosv and pitch, and by fol- 
lowing th# practical datallad 
Instructions In 

“AMATEVR 
TELESCOK MAKII6” 

Tldi bagitiner’t book, from which 
flu>ro than 25,000 telaacopei have 
baan mada by amalturg, givat ala- 
manury information on how to plan 
and build tha mounting, how to 
grind, polish, and accurataly shapa 
tha atsandal glass parts by hand. 
All nacastary data ara prasaniad in 
aasily undarstandahla form. 

Ovar 500 pogas Rrafoto/y l/fuWrafod 

M-OO pomtelil, domostic 
S4.38 foroign 

SCIINTIFIC AMERICAN 

t4 WMt 40«h Ntw York 10, He Y. 


come from the feet that it couples the 
ears of the diagn^tician much more 
closely to the huiinb body through the 
employment of a revers^ taper tube 
which results in greatly improved 
matching Of the acoustic elements. Thus, 
soxmds produced by the organs of the 
body are heard more clearly and their 
range is greatly widened. 

In fact, so many new sounds are heard 
with the instrument, developed by RCA 
Laboratories, that a filter is built into it 
to enable the user, by simply turning a 
knob, to limit the range at will. This was 
done at the suggestion of one of the 
testing physicians^ in order to prevent 
confusion until tW meaning of the new 
sounds can be determined through fur- 
ther study. 

KONISITT DIMCATM 
SappltaiMls Wtrk sf 
SUica fisl 

An “automatic weatherman*' that sig- 
nals shippers and stevedores when the 
humidity inside munition crates rises 
to the rusting point is the packaging 
expert's newest means of protecting 



Color lolls the story 


guns and engines from corroding dur- 
ing the weeks and months they lie in 
freighter holds and humid dockyards. 

Enclosed with a silica gel rust pro- 
tectant developed by The Permutit 
Company is a weatherman of cobalt- 
impregnated gel functioning like the 
old-fashioned Dutch-boy -and-girl wea- 
ther indicators which warned of rain 
by turning pink. When the humidity 
in a package rises above the critical 
point, the weatherman — visible to in- 
spectors from the outside— turns pink, 
indicating leakage of the moisture- 
proof bag in which the metal part is 
packed. 

CUSS icmrins 

Mtw Bffef Vsfd br 
hdwtirial Aletkfl FrtdictlM 

A MARKED speed-up in the rate of dis- 
tillation of the rectifying columns used 
by the beverage distilling industry to 
produce 190-proof ethyl alcohol required 
for explosives, synthetic rubber, and 
other war and essential civilian uses, 
has been made possible by the develop- 
ment by Owens-Coming Fiberglass 


Corporation of a new glass fiber pack- 
ing material for the columns. 

The glass fibers can replace both the 
tinned-copper bubble plates with which 
the industry equipped its columns be- 
fore Pearl Harbor, and the burned-clay 
Raschig rings which the industry re- 
sorted to as a substitute when tinned 
copper became unavailable. It is be- 
lieved that the material will also prove 
practical for use in distillation applica- 
tions in the chemical, petroleum, and 
other industries. 

A principal factor in determining the 
rate of distillation of an alcohol rectify- 
ing column is the amount of exposed 
surface area which is presented for the 
condensation of water and other liquids. 
The ability of the glass fibers to increase 
the rate of distillation is due to the great 
increase in exposed surface area pre- 
sented by the fibers, as compared to the 
exposed surface area presented by 
either the bubble plates or the Raschig 
rings. 

One method employed in packing the 
columns with glass fibers consists of 
placing them in large, expanded-metal 
baskets which fit, one over the other, 
into the inside of the column. When 
used at their normal density of 3.5 
pounds to the cubic foot, the fibers pre- 
sent 135 square feet of exposed surface 
area per cubic foot. This compares with 
an exposed surface area of 56 square 
feet per cubic foot when the Raschig 
rings are used. 

operation of columns packed with 
glass fibers is identical with that of 
columns packed with Raschig rings, or 
fitted with bubble plates. Heated vapors 
from stills producing the normal run of 
120-140 proof alcohol pass up through 
the column. Water and other liquids 
with a boiling point higher than the 170 
degrees, Fahrenheit, boiling point of 
ethyl alcohol condense on the bubble 
plates, Raschig rings, or glass fibers, and 
flow back to be re-heated and revapor- 
jzed by the rising vapors from the still, 
until the last vestige of alcohol is ex- 
tracted from them. 

The vapors which finally pass out 
through the top of the column into a 
condenser become 190-proof alcohol 
with only 5 percent of water content. 

CLASS IITC STHne 

Uiei to Carry Badit AaltMaa Altll 

A KITE string of glass yarn is used 
with the box kite that carries aloft the 
antenna of the portable, hand-genera- 
tor. radio transmitter developed by the 
Army Air Forces to summon help for 
fliers forced to make crash landings at 
sea. 

The complete transmitter kit for use 
on aircraft life rafts includes the send- 
ing set, an ordinary cloth and wood- 
frame box kite, an antenna consisting 
of very fine copper wire wound around 
the glass kite sMng, two balloons, and 
capsules of compressed hydrogen. The 
ballons, inflated with the hydrogen, 
can be used to carry the antenna aloft 
in the event of a calm. 

Glass yarn is used as the kite string 
because of its great strength in propor- 
tion to its weijjfiit, and because it will 
not rot or otherwise deteriorate from 
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the effects of salt water, tropic sun> 
light, rain or dampness. The yam is 
twisted and plied from continuous hla> 
ment glass fibers which can be drawn 
to indefinite lengths, measurable in 
miles. 

The transmitter is so constructed that 
the operator needs no knowledge of 
radio or code. When the hand crank 
is used to generate power the trans- 
mitter automatically grinds out the SOS 
signal on 500 kilocycles, the inter- 
national distress frequency. 

'TOOTFimn* n ucqoei 

Rtvtal Ssersis tl 
Siraias la Ntlsl 

T HE lacquer-held “footprints” of a bul- 
let crashing into steel plate are giving 
experimental scientists new information 
which may aid in the development of 
tougher armor plate and better armor - 
piercing shells for the nation's fighting 
men. The “footprints” are thin, closely 
spaced cracks which appear on a lac- 
quer-coated steel target under the 
impact of a bullet. Dr. Miklos Hetenyi 
is conducting the experiments in the 
Westinghouse Research Laboratories. 

“Some shots fired in the laboratory,” 
says Dr. Hetenyi, “create a heart-shaped 
pattern exten^ng six or eight inches 
from the spot where the bullet hit or 
penetrated. In other tests the cracks 
form a series of circles around the bul- 
let hole. Each tiny crack denotes 
stretching of the metal underneath the 
lacquer and gives us a permanent pic- 
ture of the strains that occurred at the 
instant of impact.” 

By spraying this smooth lacquer coat- 
ing, known as Stresscoat, on metal parts 
and then contorting them until the 
brittle skin cracks, research engineers 
can also detect vulnerable spots in 



A bullet's “footprint” 


gears, shafts, valves, and other parts of 
vital wartime equipment. 

“This lacquer coating test,” Dr. Het- 
enyi says, “is accelerating improve- 
ments in motors, gears, and various 
types of electrical machines because it 
enables us to locate strains quickly. Of 
course, ‘life' tests are still necessary but 
the cracked coating process tells us 
when we are on the right track in 
designing new parts.” 

Just as yawning crevices opened by 
an earthquake reveal faults deep un- 



Sproylnq a goor tooth for tost 


derground, tiny fissures in the lacquer 
tell a story of the strains that machine 
parts experience. Cracks in the glossy 
finish pick out the “Achilles heel” of 
an eight- foot-high two-ton gearwheel 
or bare the weak points of a flapper 
valve, a tenth-of-an-ounce slice of steel 
that vibrates back and forth in air cool- 
ing machinery. 

In one test the lacquer coating was 
put on a 1600-pound “model” of a gear 
tooth; the tooth was then squeezed in 
a large hydraulic press to locate the 
stresses accurately. Results of this 
work were turned over to the Nuttall 
Gearing Works of Westinghouse which 
is manufacturing gears for submarines, 
subchasers, and other war equipment. 

Lacquer sprayed on the gear tooth 
dries in 15 hours to form a tightly 
clinging skin about as thick as the 
diameter of a human hair. To deter- 
mine the slightest strain that will crack 
this coating, a foot-long steel bar is 
sprayed at the same time as the gear 
tooth and under the same atmospheric 
conditions. 

The steel bar is bent in a machine 
that holds it rigid at one end and de- 
presses it at the other. Most of the 
cracks in the coating appear at the 
rigidly-held end and become less fre- 
quent imtil there are none at the end 
which was pushed down. Then the bar 
is placed beside a strain scale which 
is read opposite the point where the 
last crack occurred. 

BOAT BONPEIS 
Btuf Na4t Tfm 
Babbn Ciikitas 

Peacetime's bus, railroad, and auto- 
mobile cushions and similar products 
made of foamed rubber are going to war 
in a new guise* They’re helping to pro- 
tect seaplanes and flying boats from 
damage in rough water at bases and 
harbors all over the world. To this end 
a supply of Airfoam producta no longer 
useful for their original purposes is be- 
ing converted into protective paddings 
for the gunwales of United States Navy 
personnel boats which service seaplanes. 

'The production of civilian products 
with Goodyear Airfoam ended with 
Pearl Harbor, and the present supply of 
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WANTED 

CAMEBA ENGINEEBS 
and TECBHICIANS 

in critical wot industry. Here is on 
excellent opportunity for several com* 
petent men in research ond production 
engineering on Govenunent contracts. 
You will work with a company well 
known in the comero indtistry. locoted , 
in o pleasont Mlchigon city. Write 
full particulars of your experience and 
enclose photo. 

QUY C. CORE CO. 

Advertising — ^Reynolds Bldg., 
JACKSON, MICHIGAN 



POOR 

EYESIGHT 7 

Try the New PKB 
Electric Reader 


A boon for elderW 
people and others with 
poor eyesight. Wonder- 
ful for doctors, scien- 
tists and draftsmen. 
Write lor free Information 
ind details of this new in- 
vention that makes read- 
ing matter 3 times larcor. 

1 E. W. POCE & CO 

Elisabeth, N. I, 


Experimental and Model Work 

Fine Instruments and Pine Machinery 
Inventions Developed 
Special Tools, Dies. Gear OutUns. Etc. 

HENRY ZUNR, Inc , 1S7 Lofayette St., N.Y. 13, N Y. 


Card and Photo Stereo— Mirror 



(The modern 
single picture 
Stereoscope) 


As useful and fascinating as the 
camera and the movies. Every pic- 
ture appears in three dimensions. 

Price $5.50 

NU-MIRROR CO.,BridKeport.Conn. 



POLAROID 


Ideal LIGHT PoUnwng mMenal for all 
photographic end EXPERIMENTAL purposes 
2 pieces. 2x1' C«f 

with full instructions # ■ With order. 

(Largtr slses priced proportionately) ^ ^ 
Send for new CMaloo of Uied Equloment— lOd 
uannv RAoe Scientific It Laboratory Apsaratui 
HAIIBY BOSS gg.7o yy BROADWAY, N.Y.C. 7 
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18,000 

FORMULAS 

O • • 

1077 

PAGES 

O 0 • 

IN 

HOPKINS’ 
“CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 

number of purposes. Industrial 

laboratories find it an invaluable 
source of reference material; many 
spare- and full-time businesses have 
been built up on one or more of its 
formulas; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyes, pol- 
ishes, paints and varnishes, adha- 
ilves, cosmetics and antiseptics are 
only a few of the sections of this 
all-inclusive book. 

#9.50 postpaid (Domestic) 

Order fnm 

SOIENTIFIO AMERICAN 
24 WMt 40tli Street, New York 18, N. Y. 


Owners of 

“AMATEUR TELESCOPE MAKINC” 

who have been bitten deeply by the 
bobby bug of glass pushing will find 
a competent guide to advanced mirror 
technique, flat making, eyepiece work, 
telescope drives, aluminizing, observ- 
atories, and many other aspects of 
the optical hobby in the companion 
volume. 

“AMATEUR TELESCOPE 
MAKING-ADVANCED” 

This Is a wholly different book 
from ^^Amatenr Telescope Making/* 

650 pages 359 illustrations 

Over SOOJOOO words 

$5«00 postpaid, domestic 
$5.35 foreign 

SaENTIFIC AMERICAN 

24 West 4(Hh St., 

New York 18, N. Y. 



Rubber boot bumpers 


cushions and similar materials being 
converted to gunwale pads was accumu- 
lated before Pearl Harbor. The cushions 
are cut apart to fit inside tubes of wear- 
resisting and weather-proof fabric. The 
tubes are made in such a manner that 
each short length contains a “V” which 
fits over boat gunwales. Then the tubes 
are lashed together into strips which 
extend for the entire length of a gun- 
wale and the strips are lashed to the 
boat. Thus the strips are quickly inter- 
changeable from one boat to another as 
it is placed into or removed from sea- 
plane servicing. 

OIL LINE NIXlNfi 
Cm,1is EcdMflileaUy 
DelcrMiatd la Adviact 

Mor£ fuel oil and gasoline will be 
available for the furnace and automobile 
next winter as a result of an inve..tiga- 
tion recently completed by Prof. Geo. 
Granger Brown of the University of 
Michigan and Frank C. Fowler of Phil- 
lips Petroleum Company (formerly 
with the University of Michigan) and 
announced to the American Institute 
of Chemical Engineers. 

In the “big mch” and “little big inch” 
pipe lines from the Texas oil fields to 
the flastern States, a few thousand bar- 
rels of fuel oil may be followed by a 
quantity of aviation gasoline, and that 
in turn by some other product of the 
refinery. Naturally, there will be some 
contamination where two products meet. 
In order to avoid the loss of considerable 
volumes of these materials it is essen- 
tial that the operators of the pipe lines 
know how much of the oil and gasoline 
are mixed. This can now be determined 
in advance. The first public account of 
the fundamental factors controlling the 
intermixing or. contamination of the 
various products transported in a pipe 
line by successive flow was given by 
Professor Brown and Mr. Fowler. They 
reported the relationship of the various 
factors — viscosity of the fluid, diameter 
of the pipe, velocity of the flow, and 
length of the pipe line — and their effect 
on successive products. 

Due to the increased efficiency of 
transporting refined products rather 
than the crude oil itself, the petroleum 
industry had previously adopted a prac- 
tice of refining the crude oil into finished 
products on the Gulf Coast of Texas 
and transporting the products by 
tankers to the East Coast. This pro- 


cedure is xnore efficient not only because 
of the slightly lower fuel cost in Texas, 
but also because it is not then necessary 
to tr..n port the “refinmg losses” but 
only the actual products which 01*0 
desired. 

In order to utilize the refinery capa- 
city of the country on the most efficient 
basis, it is therefore necessary to provide 
adequate transportation of finished 
products from Texas to the East Coast 
This is to be accomplished by transport- 
ing fuel oil in addition to crude oil 
through “big inch,” 24-inch crude-oil 
pipe line, from Longview, Texas, to 
Norris City, Illinois, and by providing 
the “little big inch,” 20-inch products 
pipe line, to transport gasoline from the 
Gulf Coast to the same eastern area. 
These product pipe lines are a recent 
development in the petroleum industry 
and have been used with considerable 
economies and great success in trans- 
porting finished products from the south 
to the north and east. 

ULTRA-VIOLET “LIGHTHOUSE” 

Dtvtlopad to Irradiali 
Indnairial Workors 

A NEW type of low-cost miniature 
“lighthou.se” that broadcasts ultra- 
violet health rays to keep war workers 
well has been developed by the Han- 
ovia Chemical and Manufacturing 
Company, and has been installed in a 
plant of the RCA Victor Division on 
recommendation of the plant’s War 
Production Drive Committee, in co- 
operation with the medical staff 

“Standing in a circle five feet from 
the lighthouse, 15 men or women can 
simultaneously receive ultra-violet ap- 
plications within a few minutes, enab- 
ling the handling of hundreds of plant 
workers daily,” Frederic W. Robinson, 



A "lighthouse” for irrodiating in- 
dustrial workers with ultra-violet 


Hanovia’s director of research, ex- 
plains. “Five-minute daily applications 
are sufficient. 

“A novel feature of the new design 
is that the use of aluminum reflectors 
is avoided, thus saving critical mater- 
ials, and, at the same time, the radia- 
tion output of the lamp is more fully 
realized than ever before. Furthermore, 
laboratory developments on the high- 
pressure quartz mercury lamp u.sed 
have resulted in reduced operation 
costs, making irradiation of large num- 
bers of war workers practical.” 
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Previews of the Industrial Horizon 


(Continued from pac/e W) 


sections, light weight, good aging quali- 
les, resistance to chemical attack, and 
moldability with existing equipment 
with minor modifications. No nylon 
plastic may be had for the duration, 
other than for vital military applica- 
tions, but here is one more develop- 
ment that will leap forward when the 
bars are lowered. 


R16R-SPEED PR0T06RAPRT 

Developed for studjdng the detonation 
waves of explosives, the new rotating 
drum camera, described on page 124, is 
one of those useful scientific tools that 
will undoubtedly find many uses in in- 
dustry other than the one for which it 
was initially designed. Where action — 
mechanical or otherwise — takes place 
at high speeds, much can be learned 
about stresses and so on if it is possible 
to photograph the action while it is 
taking place. This can be done with the 
camera described, adding new chapters 
to many research stories. 


BETTER DYES 

Dyes development, reported on page 
121, is part and parcel of the intriguing 
saga of the growth of the chemical in- 
dustry in the United States From work 
on dyes has come basic knowledge that 
has branched out into other fields of 
chemistry; dyes experts are playing a 
large part in present war-time re- 
search; they will be equally important 
in the field of consumer and heavy - 
industry synthetics after the war. 


SEWA6E TREATNEMT 

Industrial water supplies and power 
sources are being found in sewage by 
engineers concentrating on the impor- 
tant problem of sewage treatment 
Here is research closely linked with 
community development that, while it 
disposes of wastes in a modern and 
sanitary manner, also provides dollar 
value in the form of things that indus- 
try needs. The post-war world will 
benefit in more ways than one. For de- 
tails see page 106. 


WRAT SRALL WE EAT? 

How FAR the food-dehydration indus- 
try will affect the eating habits of the 
people of the United States after the 
war will probably be largely deter- 
mined by those men who are now in 
the armed forces where they are being 
fed large quantities of dried foods. If 
they relish these foods and demand 
them upon return to civilian life, the 
industry will flourish and prosper; if 
not, the industry will fall back to those 
staple forms of pre-war days and will 
shrmk correspondingly 
While dehydration of food serves a 


very useful purpose ’'where shipping 
facilities are limited, it will never be 
an important factor in the food field 
when these restrictions are removed 
unless the food is equal in every re- 
spect to that obtainable through other 
means. 

ROW RARD IS RARD? 

It may come as somewhat of a surprise 
to those who have never given the 
matter much thought to find, in the 
article starting on pag^^OS, that science 
really does not know very much about 
the hardness of materials. Many indus- 
trial operations are predicated on this 
factor yet, in the final analysis, knowl- 
edge is applied empirically. When rest- 
less research finally finds all the an- 
swers to the puzzle of hardness, indus- 
trial technology will make a long step 
forward in its methods of handling 
many materials. 

RADIO STARDS READY 

The large part which radio is playing 
in the war on ail fronts foreshadows 
many of the applications that will be- 
come common-place in days of peace. 
Practical use of developments directly 
attributable to military requirements 
will be made not only in the fields of 
communication but also in that of trans- 
portation, among others Thus we may 
someday see airplanes, ships, and all 
manner of ground vehicles being guided 
through all weather conditions by ra- 
dio equipment; radio channels will 
serve as “tracks’" which they will follow 
with absolute safety. 

BETTER AQTONOBILES 

Dust, one of the banes of military 
operations, is a deadly enemy of auto- 
motive vehicles, yet up to the begin- 
ning of the war it was considered suf- 
ficient to provide a carburetor air 
cleaner and let the dust problem go at 
that. Now, however, it is found that 
combat vehicles need far more protec- 
tion than ever before thought neces- 
sary. As a consequence, dust-proofing 
is being extended to clutches, transmis- 
sions, instruments, brakes, and even 
to fan belts. Out of this work will 
come dust-proofing of many parts of 
the post-war “pleasure” car, with re- 
sulting longer life of parts, more effi- 
cient operation, and fewer troubles. 

WEAR.RESISTART 

A COMPETITOR of Other and more con- 
ventional materials in luggage and 
packing case construction is seen in a 
new material that uses blotting paper 
— no less! — as a base. This paper, as 
told on page 138, is saturated with a 
synthetic rubber and processed to be- 
come tough and wear-resistant Thus a 
new and low-cost product looms on the 
horizon to give added impetus— -and va- 
riety— to a number of post-war con- 
sumer industries. 


INVENTORS 

Free Patent Guide ' 


rTake 8l«p, without cost, toward 
protecting your Invention Write 
today lor free RECORD OP IN- 
VENTION form to leaally diaclote 
vour Invention We also tend Free 1 
48-page patent OUIDK conUln- 
ing Instructions on how to patent i 
and sell Inventions, details of 
. .search services, easy payment plan, other In- . 
^ terestlng facts _________ ^ 



CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 


34-J Adams Bldg., Washington, 0. C. 


The Morse Decimalizer 



The DECIMALIZER shows In a few simple 
oaanlpulatlons Just where to place the decimal 
point in the result of any computation Involving 
•ereral elements, part or all of which may he 
leelmala— for example, In such a problem as 
(» X .0433 X 74.1 X 3.8) (245 x .0003 t 36) 

the DECIMALIZER removes that “decimal point 
haxard” Inherent in computations made with the 
slide rule or otherwise. 

Pocket else; durable (stainless steel), exceed- 
ingly smooth in action Furnished In leather 
oaae. with complete directions for using Prlee 
|3. postpaid, with extra, easily Interchangeable 
scale which enables the instrument to perform 
extended multiplication and division. 60 centa 
additional Money back If returned within 10 days. 

ORORGB II. MORHK 

037 — 38th Street South ArUngton, Va« 



UIH MOIEV PORTmllVT 


• No previous traininf or 
talent necessary. Unique 
Stuart System teaches you» 
by mailf in 10 simple, easy- 
to-follow lessons, to make 
excellent charcoal and oil 
likenessas. Detailed guidance for your 
every step. Send for free book today. 


STUART STUDIOS. Room U 
121 Memmieaf CIrele Indienepelts 0. Ind. 

Plesse send ms frss book and ouUlna of lataona. 
Nam« — ■ 

atresi 

Cii§ . 
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ESSEX MACHINE WORKS 

f«f. 1930 

NOW DOING WAR WORK 
SOLICITS CORRESPONDENCE 
REGARDING PURCHASE OF 
PATENTS OR ESTABLISHED 
LINES FOR POST-WAR 
PRODUCTION 

Essex Cennteflcuf 



VEEDER-ROOT iNC. 


TELESCOPE TRIPODS 

MASSIVE BRASS TRIPODS built by 
Bauich S Lomb' for U. S. BattUship 
Rangefinders. 52'* high^ weigh 35 
lbs. Unlimited strength. Cost many times our 
former $19.50 price. Closing out balance $7.95 
f.o.b. Elmira. E^levating brass hond wheel and 
screw« $2.95 extra. Details free. 


s 7 « 


DsMasrlsr Co.. Dspt. 169, Elmira, N. Y. 


The Binary Slide Role 
equals a 30 Inch straight 
slide rule In precision 
Has C. Cl. A. K, L^. LLl 
LL3. LL3. LL4. Binary 
Olves Trig functions to 
Add and Subtract Scales 
1 minute from 0 to 90 
degrees The engine-di- 
vided scales are on white 
enameled metal. Perma- 
nently accurate Dla VY 
Large figures and gradua- 
tions eliminate eyestrain 
Exceptional value and 
utility. Price with instruouons $5.00, cash or 
COD. Durable case 80e extra. Circulars free 
Your money back U you are not entirely satisfied 
Ollaon Slide Rule Co., Stuart, Fla. 

SUU RuU Makert since im 
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STUDY AT HOME lor For 
iml Succeti and LARGEB 
EARNINGS. 3J yearg expert ha 
••*T>^op-rOY«r 108,000 ttttdenti 
m^led. LL.B. Degree awarded 
AH text material fumlihed. £mi 

BOOK—J^w ttd Execatirt 
Guidance'*— NOW! 

AMMICAN IXIINSION tCNOOl OP uw 
Dept. 38-SA, S lost Huron St. Chkoge, I 



New Products 


custirnifi Bifict 

BCEKTLY developed to classify and 
sort .30“ and .50“caliber armor-piercing 
bullet cores and 20mm shells auto- 
matically, a new Toledo Dynamic Clas- 
sifying Device has many similar appli- 
cations in other industries. Pieces to be 
weighed, or classified, must be of such 
a character that normal variations in 
weight do not materially effect the posi- 
tion of their center of gravity. Spheres, 
cylinders, rectangles, and similar reg- 



Sortiiig by wolghing 


ularly formed parts conform to this re- 
quirement Weights from % ounce up to 
6 ounces can be handled. 

As the parts are fed into the device, 
they are automatically deposited on the 
end of a lever. The loaded end of the 
lever is released, permitting that end to 
fall (dynamic weighing principle) . Parts 
are weighed in motion, and the inter- 
ception of a light ray by the weight 
beam causes a photo-electric cell to op- 
erate the mechanism for automatically 
discharging the parts into one of three 
chutes, which classifies them as “Under - 
Weight,” “Within-Tolerance,” or “Over- 
Weight.” 

USUEIT FLItlS 

Recently improved is an asphalt- 
asbestos floor tile designed for indus- 
trial use. The tile surface is resilient 
and wear re^tant, is claimed to be 
non-slip wh^ wet. The surface is 
non-sparking and will melt before it 
will burn. This tile, made by David E. 
Kennedy, Inc., is finished in three dif- 
ferent sizes and seven colors. 

WATKIFim TAPE 

F OR sealing water-resistant cartons 
carrying vital overseas-bound cargoes 
of ammunition, medical eqvdpment, 
food, clothing, instruments, and thou- 
sands of other necessities, 'there has 
been developed a waterproof tape, 
known as S^^al, which is applied in 
the same iimple manner as regular 


sealing tape, using the same type of 
moistening dispenser. A special Soiseal 
solvent, used as a moistening agent, is 
a non-inflammable, non-volatile, non- 
corrosive mixture of chemicals that 
will, upon wetting Soiseal, cause it to 
become waterproof after a 72-hour 
period. Bondings effected with Soiseal 
Tape, immersed in water imder strain, 
have withstood that immersion for 
weeks, in some cases over eight weeks, 
without any releasing of the tape, it is 
claimed. 

CORlOSlOlf PBETENTIOR 

Protection of finished machinery and 
other materials which might corrode 
during transportation may be provided 
by bags of silica gel, which are placed 
in the containers with the material to 
be protected. The bag containing the 
gel, manufactured by Culligan Zeolite 
Company, is made of cloth with a 
breathing-type paper lining. The gel 
absorbs all moisture within sealed con- 
tainers, thus preventing corrosion 

DECALCDIUMU NANEPUTES 

Touch and resistant to scratching and 
wear is a new transfer nameplate made 
of non-critical materials. It is claimed 
by the Myercord Company, manufac- 
turers of these nameplates, that they 
have effectively withstood weathering 
and salt-spray tests. These included 
exposure to temperatures of 200 de- 
grees, Fahrenheit, and 98 percent 
humidity, followed by temperature 
drop to minus 40 degress, Fahrenheit. 
The transfers are available for use on 
p)oliEhed and wrinkle-finish metal sur- 
faces, designs and colors being to speci- 
fications. 

NETAL WASIDI6 

T o MEET the need for high-ipeed 
washing of flat, fragile work or circular 
parts with intricate pockets and crev- 
ices, the Tabl-Spray washing machine 
has been developed by American 
Foundry Equipment Company. By 
complete exposure given the parts in 
rotating them through the path of well- 
positioned power sprays, this new unit 
insures uniform coverage and thorough 
speed cleaning. 

Parts to be cleaned in the Tabl- 
Spray are placed on the mesh table and 



Tor high-spMd parte washing 
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rotated through the spray solution, dis- 
charged from special machined non- 
clogging nozzles. 

After the few minutes required 
washing time, the solution valve is 
closed and the parts are left rotating 
to obtain proper drainage. If rinsing 
with fresh water is desirable, this op- 
eration can be handled without trans- 
ferring parts to another compartment, 
by means of a special arrangement of 
drainplates. A compressed air blowoff 
can follow the cleaning to remove 
excess liquid from the parts. 

Typical cleaning applications include 
removing lapping compound, oil, and 
chips from magnesium and aluminum 
aircraft parts, cleaning crankcases, 
supercharger rear housings and adapt- 
ers, small assemblies, gears, or rocker 
arms prior to inspection or after mag- 
naflux. 

I01f-SPABK»6 C01ITAINi;i 

Conductive synthetic rubber, made by 
the United States Rubber Company, is 
now being fabricated into carrying 
boxes, buckets, and trays for handling 
explosive materials. Containers made of 
this material can not strike sparks; 
because of the conductive qualities of 
the rubber, static charges cannot ac- 
cumulate to a point where disastrous 
sparks might be discharged 

SAMPLE DITCI 

8 SING a principle different from that 
usually employed in drying sample 
swatches of cloth, the Rodney Hunt 
Machine Company has developed a 



Textile dryer and condltloeer 

unit to perform this operation at what 
they state are phenomenally high 
speeds. 

The conventional way to dry samples 
in a textile mill is over a steam pipe 
or by a hair dryer. The dyer cuts a 
sample four-inch square, dries it for 
10 or 20 minutes, and then waves it 
around in the air to condition it to 
* room temperature and humidity be- 
fore matching. Not only does this take 
valuable production time but it also 
gives the cloth in the dye kettle a 
chance to change shade, lessening the 
accuracy of the match. 

The new unit, known as the ** Whirl- 
wind” Sample Dryer, does both the 
drying and conditioning operations in 
from one to two minutes, depending 
upon the material. The process is bas- 
ically one of rotating die samples at 
high speeds, Rrst in a dryer cabinet 
and then in ^e room at normal temper- 
ature and humidity. The samples are 
placed on wire screens on a disk or 
rotor which is attached to the inside 
of the door of an insulated cabinet. 


The door is closed, the motor turned 
on, and the samples rotate inside the 
cabinet at great speed. After the sample 
is dried, the door of the cabinet is 
opened and the sample continues to 
rotate at room temperature and humid- 
ity until conditioned properly. 

SPIBAL PUMP 

MfnEN it is necessary to handle liquids 
containing solids such as sand, abrasives, 
crushed ore, and so on, a new rotary 
spiral pump can be pressed into service 
to handle up to as high as 91.6 gallons 
per minute. These pumps, in wooden 



The spiral does the trick 


housings as illustrated, pick up the 
liquid and solids at the open end of a 
spiral, setting up a flow through the 
spiral to an outlet at the center. Rota- 
tion speed is 20 revolutions per minute. 
These pumps, known as the Frenier 
sand pumps, are available in three 
diameters with lift capacities from 12 
to 22 feet. 

TBICIBESS CASE 

The thickness of steel plate can be 
measured with a new electrical instru- 
ment even though access is available 
to only one side of the plate. This new 
gage, a product of the Metron Instru- 
ment Company, will operate on max- 
imum plate thicknesses up to % of an 
inch. 

This instrument contains two iron- 
core magnets connected in a balanced 
bridge circuit. One of the magnets is 
designed to be placed against the plate 
to be measured while the other is 
mounted on the instrument housing 
and has an adjustable armature to 
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She*s Fighting, TOO! 

Making Parts Without Dios 

No dcltiy waiting for dies — parts ready auickcr 
— deliveries speeded up — all to bring the Victory 
sooner 1 Women are rapidly taking a major place 
on the industrial front. DI-ACRO Prcciaion Shears, 
Brakes, Benders, .ire ideally 
suited for use by women 
in making duplicated 
accurate to .ooi" — Die- 
less DnPLicATiNu. Thous- 
ands of DI-ACRO Ma- 
chines arc now in use in 
War plants. 

Get the whole story — write 
for catalog — **Metal Dup- 
licating without Dios.** 
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New Book on 


ARC WELDING 



N«w Kdition *Trocedure Handbook of 
Arc Welding.” Bigger than ever. Wider in 
scope. Latest information on all phases of 
arc welding— the ace process of war pro- 
duction and key to progress and increased 
earning power in post-war era. 
Authoritativ#. Recognized the world ovei 
as the ”bible” on arc welding design and 
practice. Many thousands in use by weld 
ers, designers, engineers and shop man- 
agers. Standard text in hundreds of schools 
and colleges. 

1308 pagaa • 1810 illuatrationa 

Sisa X a* X 1 


A *5.00 Value $150 
for only A—. 

($2.00 outside U. S.) 


post- 

paid 


Ordar your copy today. 

Mall order and check to 

SCIENTIFIC AMERICAN 

24 W. 40fh Street 
New Yerk IS, N. Y. 


THE HENRY SYSTEM 
Of Finger Print 
Claseiflcatien 
and 

Identlfleatlen 

ii now in uto by most 
of tho Police Departments in the 
United States. It is also the system 
whkh applicants for many Civil 
Service positions must master before 
they can successfully fill all require- 
ments. 

The only book based on the Henry 
System is Frederick Kuhne’s 

**JHE FINGER PRINT 
INSTRUCTOR’’ 

In this 182-page book, written by a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
of the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departments 
and by the F.B.I. 

d4.25 postpaid 
New 1942 Printing 

Srdcr Pram SCIINTIFIQ AMIRIOAN 
24 West 481k StrMt, Nsw York 18, N. Y. 


provide for calibration. Through a bal- 
ancing of the bridge circuit it is pos- 
sible to determine the influence of the 
steel plate to be measured upon a mag- 
netic field. Since this influence is re- 
lated to the thickness of the sheet, 
thickness readings can be taken direct 
from the meter once the instrument 
has been calibrated. 

BIVET BOCIEI 

Automatic bucking and riveting by one 
operator is made possible with the tool 
shown in these columns. In it a standard 
rivet set is synchronized with an air 



Treadle controlled 


cushioned bucker, the two parts always 
being perfectly aligned to insure accur- 
acy in riveting. The treadle control 
enables the operator to use both hands 
for guiding the work. When the rivet 
set hits the rivet, the bucking bar is 
always in contact wih the shank. 

BBAZne Tin 

When a new granular fluxing material, 
developed by Chicago Welding Sales 
Company, is used for brazing of cast 
iron parts, initial cleaning or grinding 
of the break to be welded is stated to 
be completely eliminated. 


rial consisting of copper mesh coated 
with synthetic rubber, originated by 
The Detroit Gasket and Manufacturing 
Company and produced by The Good- 
year Tire and Rubber Company. This 
rubber-sheathed mesh has s\irvived ex- 
haustive tests and now is standard 
equipment for many airplane engines 
produced in this country. 

The rubber-sheathed gasket, less 
than 15 one- thousandths of an inch in 
thickness, is made of 80-mesh copper 
screening which has a tensile strength 
far in excess of any internal pressure 
which may be encountered. Ilius the 
wire, as a reinforcing medium, provides 
insurance against leaks due to blow- 
outs, the synthetic rubber coating pro- 
viding the necessary binding medium 
for the wire mesh as well as the re- 
siliency required to obtain perfect 
alignment in the assembly. 


L0CK1M6 WOOD 8CBEW 

A WOOD screw that prevents the slip- 
ping of any two boards, by locking them 
permanently, has two threads of differ- 
ent pitches With each turn of the screw, 
the boards are pulled together by an 
amount equal to the difference between 
the pitches of these threads. This dif- 
ference in pitch results in obtaining a 
greater “pulling together” action than 
can be secured by an ordinary wood 
screw, plus the equally important fea- 
ture that, when properly installed, the 
Wil-Son No-Slip screw leaves only a 
small hole, in fact not much larger 
that a nail hole, which can easily be 
sealed with Plastic Wood or other com- 
pound. 

When installing the screw, a small 
hole is drilled to a depth equal to about 
three-quarters of the length of the 
screw. The No-Slip screw is then 
screwed into this hole. The coarse 
threads first pass through one board 
and then into the others. The slightly 
larger fine threads then begin to engage 
the first board, and, as the screw goes 



1 r 


BOBBEB PAPEB ABB CASIETS 

Bzx>tting paper may soon go traveling 
and see the outside of the world’s 
buildings instead of hiding away 'in 
desk drawers The Hycar Chemical 
Company of Akron has found a spec- 
tacular assignment for blotting paper. 
With this company’s butadiene synthetic 
rubber as a saturator and binder, 
blotting paper may go into luggage — 
hand bags, suitcases, fitted cases, even 
packing cases. 

According to tests made in the com- 
pany’s laboratories, highly absorbent 
blotting paper Immersed in the hycar 
latex, and then dried in an oven, be- 
comes a tough, wear- resistant material 
that is ideally suited to the manufactur- 
ing of luggage items. The treated paper 
is not affected by oil or other solvents 
and can be prepared in any of the 
standard colors. 

Another use for synthetic rubber, 
recently announced, is a gasket mate- 



How the locking wood screw works 


down farther, the difference in pitch 
between the two threads causes the 
two boards to be pulled together grad- 
ually until finally both boards become 
tightly joined. 

The operator then may break off, 
with a pair of pliers, the top of the 
screw at the groove which is just above 
the fine threads. An unusually hard 
twist on the screw driver will give the 
same result. When properly installed 
the breaking off point is always below 
the surface of the wood. 
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Current Bulletin 
Briefs 

Conducted by 

K. M. CANAVAN 


(Thu Editor will appruciate it 
if you will muntion Scientific 
American when writing for any 
of the publications listed below.) 

Crisis in Rubber is an illustrated pam- 
phlet which describes wild rubber, 
plantation rubber, domestic rubber, 
synthetic rubber, and integrates the 
whole into a story which gives a rea- 
sonably complete grasp of the rubber 
situation as it stands today. The B. F. 
Goodrich Company, Akron, Ohio . — 
Gratis. 

Save With “Balanced* Lighting is a 
10-page pamphlet which tells in text, 
drawings, and photographs how best 
to apply local and general lighting so 
that a balanced, efficient, and econom- 
ical condition results. The Fostoria 
Pressed Steel Corporation, Fostoria, 
Ohio. — Gratis. 

Universal Angle Drive is an eight- 
page illustrated folder describing a 
bevel-gear drive for manual operation 
of valves and other devices on ship- 
board and in industry. Payne Dean and 
Company, Dean Street, Laconia, New 
Hampshire. — Gratis. 

Algoma Template Dies is a four- page 
bulletin describing a new process of 
manufacturing blank and pierce tem- 
plate dies at a fraction of the cost of 
conventional dies. Algoma Products, 
Detroit 12, Michigan. — Gratis. 

Handbook of Emergency War Agencies 
is a 144- page publication which out- 
lines briefly the function and organ- 
ization of Federal War Agencies as well 
as Army and Navy Departments and 
the Maritime Commission. Names, ad- 
dresses, and telephone numbers of prin- 
cipal officials are listed. Superintendent 
of Documents, Government Printing Of- 
fice^ Washington, D. C . — 20 cents. 

Very Promptly Yours, by Robert E. 

Ram.say, is a 16-page booklet per- 
taining directly to office correspond- 
ence. It gives suggestions for filing 
and cross-filing, for a simple letter- 
writing plan, and for speeding up cor- 
respondence. Hammernnll Paper Com- 
pany, Hammermill Road, Erie, Penn- 
sylvania. — Gratis. 

Vegetable Dyes is a 56- page pocket- 
size book which tells specifically how 
to make dyes at home from barks, 
weeds, berries, and fruit. Oxford Uni- 
versity Press, University Avenue, 
Toronto 2, Ontario, Canada. — 35 cents. 

Mogul Metallizing Process and Equip- 
ment is an illustrated pamphlet 
describing the metallizing process for 
building up worn metal surfaces, to 
render exposed surfaces corrosion re- 


sistant, and so on. Also presented ^re 
specific applications of the process, and 
a listing of the equipment necessary 
for metallizing. Metallizing Company 
of America, 1330 West Congress Street, 
Chicago, Illinois —Gratis. 

Some Fundamentals op Timber Design, 
by Howard J. Hansen, is a 76-page 
booklet which covers characteristics 
influencing design, methods of fasten- 
ing wooden members together, types 
of beams and columns, and glued 
laminated construction. Numerous 
valuable tables and charts are pre- 
sented. Bulletin No. 66. Texas Engine- 
ering Experiment Station, College 
Station, Texas. 

Review of “Patents and Free Enter- 
prise” Monograph No 31, Temporary 
National Economic Committee, is a 
pithy comment on Walton Hamilton’s 
monograph, as presented by Anthony 
William Deller, a patent attorney and 
member of the New York Bar. This re- 
view is a plea for the protection of in- 
ventors and their rights under the 
patent system. Anthony William Deller, 
67 Wall Street, New York 5, New York. 

Centrifugal Ca.stings is an eight-page 
folder which tells briefly how a cen- 
trifugal casing is made, lists the wide 
ranges of sizes available, and tabulates 
the chemical and physical properties 
of a number of standard alloys which 
are cast by the centrifugal process 
Shenango-Penn Mold Company, Dover, 
Ohio. — Gratis. 

Celestial Navigation for Aviators, by 
Clarence H. True, is a 32-page llus- 
trated booklet offering a method by 
which spherical triangles are solved 
without spherical trigonometry. — Clar- 
ence H. True, Civil Engineer, Box 318, 
Balboa Heights, Canal Zone — $1 50 
postpaid. 

Curled Chip Metal Cutting System is 
a lavishly illustrated plastic bound 
catalog which presents what is termed 
“an amazing and revolutionary ad- 
vancement in metal cutting history.’ 
Descriptions and photographs are pre- 
sented of saws designed in accordance 
with this new system. E. C. Atkins and 
Company, Indianapolis, Indiana — Gratis. 

Carbonia is a four-page folder de- 
scribing a process for obtaining a 
gun-metal finish on ferrous metal 
parts. This finish is applicable to many 
articles in bulk and is applied at the 
same time that the work is tempered. 
American Gas Furnace Company, Eliza- 
beth, Neio Jersey — Gratis if requested 
on business letterhead 

How TO Braze With Phos-Copper is a 
12-page booklet describing the use of 
a brazing alloy which can be used with 
gas, incandescent carbon, electric fur- 
nace, and dip brazing methods. Request 
Booklet B-3201. Westinghouse Electric 
and Manufacturing Company, Depart- 
ment 7-N-20, East Pittsburgh, Penn- 
sylvania. — Gratis. 
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Army Havtrtaekt 

heaTy eanvaa, 7H by 11 
Incbea, with poaketo, Mopnd 
hand, with leather allnf. 
Poatpaid for 75 cenia. lS4t 
75th Annfyeniary catalof, 
SOS paces. 2000 Ulastratlona, 
nalM for 50 cents. 1048 
circalar for 8e stamp. 

Frtnels Banntrmiii Sons 

501 Broad woy, N Y 12 


1 5ei»l/or FREE UTERATUREoif 

BATBHTC 

■WjUltnMI MMM 

ICA.tNeW«CA 

Reg. Patent Attorneys Since lS7i 

1 430 SNCm BUML WASIIMCTM 


ALNICO MAGNETS 

No more Ploatlnc Bart, but 
we have some small Horse- 
Bhoea X Vz x a/a . Pair 11.28 
Lifting or holding magnets 
like cut ... each 4 00 

Medium tire each 3 00 

One Ounce magnet In a 1' x 
1” X IVi' frame will sup- 
port 4 lbs each 3 00 

X Watch size Gear 
Box 150 to 1 ratio 

35c 3 for $1 00 
2V4 X a C no volt Clock 
Motor 15 minutes per one 
revolution 2 50 

BLAH, 64M Dty 8tr»rt, W»w Ytrk T, N. Y. 


OUR MEN NEED 

* BOOKS * 



AU YOU CAN SSASC 


Help a man in uniform enjoy 
his leisure hours. Give your 
good books to the 1943 VIC* 
TORY BOOK CAMPAIGN. 
Leave them at the nearest 
eollection center or public 
library. 



Maf/iemaffcs 

COMBIN WITH 

PracHca/ Mec/tan/c^ 


NEW 2 m-l resdmg course I Now )rou c«n learn 
the speedj , simplthcd system of calculstion used by 
drsCVsnien engincrrs, sccountants "moster minds * 
on the stage Lcsrn essy wsy to multiply 4 figures 
by 4 figures w thout using old fashioned muitipli- 
catKm add long columns of figures this lightning 
Short cut method Learn horsepower, slide rule, 
micrometer, loganthnw, wood measure, pusriet etc , 
etc Large lUustrsted volume complete with answers, 
only postpaid Satisfaction or refund Amaze 
friend with your magic like mental powers 



•ww^fnendswithyour magic like mental powers "TT* X qT 

|]|J[y|cd«frt«t«d«tell«...iMll COUPON TODAVI Y** 


NELSON CO., 321 & Wabash, Dipt 1-308, Chicago 

Please send free details about ‘Short Cut Mctkcmatics and Practkcl 
Mechanics Sunplified." No obligaUm. 
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Telescoptics 

A Monthly Deportment for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

Editor of tho BolentUlo Amorloan book* *‘AmAiettr Toleocopo Moklng'* 
and *'Ainaloar TeloKopo Maklnf»>Adraneed‘' 


Y ebkes was a Chicago traction mag- 
nate with plenty of wealth. The late 
Dr. George Ellery Hale tactfully made 
him realize that man is mortal and 
that after a few years the world would 
forget his name and his multi-millions, 
but by donating a big telescope to 
science, he could become an immortal. 
Hale got the money for the 40" tele- 
scope and Charles T. Yerkes got his 
immortality— which included burial in 
a crypt in the telescope’s pedestal. 

Amateurs who have made exception- 
ally good telescopes may, too, b^ome 
immortals without the bother and an- 
noyance of being rich, by dedicating 
these instruments to some educational 



Figure It Wales (left) and telescope 


eyepiece instead. Such a party is a Big 
Day for the donating immortal. 

Asked to describe the telescope and 
dome, Wates writes: 

“The 12W' mirror is Pyrex, ground 
and polished by hand, but figured on 
a Hindle machine. Focal length 110''. 
The tube is cedar, glued up from 20 
.strips and then turned. It is strength- 
ened with cast-iron rings. Just above 
the mirror cell is a lead counterweight, 
made in four segments and encircling 
the tube. The head of the tube, carry- 
ing the finder, eyepiece adapter, and 
2" Bausch and Lomb prism, rotates on 
ball bearings, and is turned by a hand- 
wheel and pinion working in a circular 
rack, which was filed out 
with the aid of a hardened 
steel template. 

‘The finder is a 4" RFT 
with aluminum tube. There 
are no cross-hairs, as the 
telescope is to be used for 
clusters and so on as well 
as for a finder. 

“The main tube is mounted 
in a frame of ZVz' angles, in 
a similar manner to the 100" 
at Mount Wilson, but the 
declination bearings are off- 
set a foot from the polar 
axis, to provide greater ac- 
cessibility to the circvimpolar 
stars. There is a 150-pound 
counterweight to balance 
the tube. 

“The lower end of the 
polar axis rests in a conical 
roller bearing, and the up- 
per end turns in a heavy ball 
bearing. Provision is made 
for adjustment of both axes, 
by means of push screws. 
The drive, not yet installed. 


will be a modification of the Boyd Bry- 
don drive, with a slip clutch. 

‘The declination scale is a strip of 
Celluloid, engraved with a tool made 
from a Schick razor blade and stamped 
with steel letters from an old Addresso- 
graph. This scale is bent around a 
semicircular block attached to the polar 
axis frame, and is viewed by means of 
a simple periscope from a point close 
to the main eyepiece. The hour angle 
scale is an iron hoop 3' in diameter, 
enamelled white and carrying black 
markings. 

‘The main dome is an exact copy of 
the dome of the observatory at the 
Rensselaer Polytechnic Institute, Troy, 
N. Y., and was built from blueprints 
furnished by Dr. Carragan of that in- 
stitution. The ribs are cedar, with a 
covering of Masonite, painted alumi- 
num. The slit is fitted with a curved 
shutter, conforming to the dome and 
moved by endless chains running on 
sprockets, operated by means of a 
worm gear hoist. 

“South of the dome is an extension 
with a roll-off roof, housing a 4" refrac- 
tor, a transit, and a zenith telescope. 
These instruments and the reflector 
are mounted on heavy concrete piers 
running below frost line — ^which is 
about six feet in these parts! The 
mounting for the refractor was built 
locally from my designs, and works 
very smoothly.” 

Because of cramping and bad light- 
ing it is notoriously difficult to take a 
good photograph of a telescope within 
a dome. This hazard was obviated by 
using a combination of daylight and 
flashlight — a point possibly worth re- 
membering. 

O NE way to lay out a setting circle is 
to make full use of the work already 
done by others in laying out gears. Fig- 
ures 3 and 4 show how one amateur, a 
Wyoming physician who prefers an- 
onymity, did the job, and are almost 
self-explanatory when studied. 

In Figure 3 the blank is being faced 
in a lathe. In Figure 4 is the special 
set-up devised by the doctor, consisting 
of an 80- tooth wheel bolted to the head- 
stock spindle, a supporting piece 
screwed to the bench, a 72- tooth wheel, 
and a ratchet engaging the latter. Fig- 
ue 3 reveals the missing small gear, 
having 16 teeth. 


institution or other corporate body (the 
burial beneath is not a requisite; in 
time it might even prove embarras- 
sing) . Cyril G. Wates, 7718 Jasper Ave., 
Edmonton, Alberta, whose 12^" New- 
tonian reflector (Figure 1) was briefly 
described in this department in Decem- 
ber 1941, has now thoughtfully dedi- 
cated it to the University of Alberta, 
at Edmonton, Alberta, Canada. 

Figure 2 shows the group present at 
the ceremony. Wates stands between 
Hon. J. C. Bowen, Lt.-Govemor of Al- 
berta (with cane) and (toward the 
reader’s right) Dr. R. Newton, President 
of the University. There were cere- 
monies, Dr. J. Pierce, Director of the 
Dominion Astrophysical Observatory at 
Victoria, B.C., gave the address, and 
Wates, not brawny enough to hand the 
president the telescope, handed him the 



Figure 2t Woles wUh celebrities at the dedlcatfon ceremoar 
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Figure 3: Facing lettlng circle 



Figure 4: The ipacing eet-up 

The ratchet, working on the 72-tooth 
wheel, would alone give divisions of 
5°. To reduce these to single degrees a 
16-tooth wheel on the same spindle 
meshes with the teeth of the 80- tooth 
wheel, giving a reduction of 5 to 1 

The ratchet has a rubber band spring. 
The maker states that, using a carbide 
tool ground to a long taper and whet- 
ted on an oil stone, he was able to 
make the degree marks on a 4" blank 
in about 40 minutes. 

Lesser details and the maker’s name 
and address are available to especially 
interested readers. 

J OHN R. Haviland, 426 Second Ave., 
Lyndhurst, N. J , author of the 
famous book-length chapter on the ob- 
jective lens, in “Amateur Telescope 
Making— Advanced,” sends us the fol- 
lowing on the Barlow lens: 

“So many inquiries have been made 
regarding Barlow lens behavior that 
the following is submitted to relieve 
my ‘homework’ on the subject. 

“In July, 1937, the method of design- 
ing a Barlow lens was described ialso 
by Haviland. — Ed,] in this column but 
no expo.sition of what happened in a 
telescope system was included. So here 
goes: 

“In ‘A.T.M.A.’, page 231, there appears 
the formula for separated lenses, viz., 
F = (/t X fj) / (h -f /a — d), where 
F = focus of combination, ft = focus 
of telescope objective, /a = focus of 
Barlow lens, and d distance between 
the two lenses. 

“Suppose we had a Barlow of focal 
length —18" (minus because the lens 
is diverging or negative) used with a 
6" reflector of 48” focus. Suppose fur- 
ther that the Barlow is placed 2" inside 
the focus of the mirror. What is the 
new focal length? What is the magni- 


fying power? We get out our pencil. 

“Substituting in the formula: 

F = (48 X -18)/(48 — 18 — 46) 
864/ — 16 54. 

“Note that the eyepiece has to move 
6" out to the new tocus. As the Barlow 
moves in toward the mirror the eye- 
piece moves out and the magnification 
increases. 

“The magnifying power of this com- 
bination may be found by dividing the 
length ot the cone cut off by the Bar- 
low into the length of the new cone 
formed (Hindle, in ‘A.T.M.’, page 215). 
Referring to Figure 5 it will be noted 
that the cone cut off is 2" long and that 
the new cone is 8" long. The quotient 
of these is 4. Thus the magnifying 
power is equivalent to that of a tele- 
scope having four times the focal length 
of the original. 

“A magnifying power of four is about 
the maximum desirable. Make the 
Barlow lens of sufficient diameter to 
include slightly more than the diame- 
ter of the cone of light from your ob- 
jective when the Barlow is placed as 
far within the focus as it will be used. 

would be about right for the ex- 
ample above, since a diameter field 
is about this size 2" inside of focus in a 
48" focus telescope. 

“As in any system which magnifies, 
the intensity of illumination goes down. 
In the above example the image of the 
Moon would be about 2" diameter. No 
ordinary eyepiece would accept an 
image this size. The illumination when 
using a 1" (equivalent focal length) 



eyepiece with the Barlow will be the 
same or better than when using a V 4 " 
eyepiece without it — the magnification 
being the same in each case. 

“The advantage of the Barlow is that 
the cone of light from it has a more 
acute angle at the vertex than the cone 
from an //8 reflector. Thus, cheap eye- 
pieces (Huygens or Ramsden) will 
perform satisfactorily with it and will 
be comparatively free from the bad 
color and spherical aberrations which 
they produce when fed the wide angle 
beam from a large aperture-ratio ob- 
jective. Despite the imperfect achrom- 
atism of the Barlow, the overall result 
will be an improvement over the com- 
mon reflector and Huygens eyepieces. 
Most of us can’t afford the trick eye- 
pieces needed to give good color cor- 
rection on reflectors, so the Barlow is 
an easy way out of this difficulty, as 
well as furnishing an exercise in mak- 
ing an achromatic lens of not too rigor- 
ous limits of figure and achromatism ” 


COMPLETE HIGH-QRADE KITS 


OUR SPECIALTY 

Each kit hat two glass ditca 
(correct thickness) tempered 
pitch, 8 assorted abrasives 
(fewer may not give perfect 
optical surface), rouge, in- 
structions, FREE ALUMI- 
NIZED DIAGONAL, etc. 


POLISHING and PARABOLIZING 

MIRRORS, all sizes made to order. 

4 " Kit $2.95 (Pyrex, #4.00) 

6" Ktt 3.75 (Pyr«x, 5.50) 

8" Kit 6.50 (Pyrex, 8.00) 

10'' Kit 10.00 (Pyrex, 15.00) 

12" Kit 15.00 (Pyrex, 25.00) 

ALUMINIZING 

A herder and brighter altitninum coating that ia 
uniform and produces a lasting and superior re- 
flecting surface. Guaranteed not to peel or blister. 

6“ $2.50 

8“ S3.50 

10“ . $5.00 

Mirrors for Cameras, Range Finders 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL 00. 

1001 East 103rd Strast, 

Ntw York SO, N. Y. 



ACHROMATIC LENSES 


A limited number of achromatic lenses of the 
following sizes, suitable for RPTs. collimators, 
telescopes, achromatic condensers, etc are avail- 
able while they last 

1—11/16" dlam 2—3/18" dlam 2ii" dlam 


30" n -$5 00 ea Blii" fl -14 SO ea 6>ii* fl -AS 00 ee 

4»i" ” - 4 00 ” 8‘'4" ” - e 00 

SU" ” - 4 00 ’• 10«'2" - 7 00 " 

- 4 00 ” One pair simple lenses for 
3 Vs" efl Huvgenian eyepiece 
(field lens l^b* dlam ) |3 00 pr. 


ALUMINIZING A8 USUAL 


LEROY M. E. CUUSINQ 

5507 Lincoln Ave., Chicago, III. 


TELESCOPE 

MAKERS 

Quality materials of the RIGHT kind. 

V Kit — Glass, abrasives, pitch, rouge, and 
Instructions 15.00 

HOBBYGRAFS— INFORMATION— INSPECTION 
We offer you the benefit of our 34 years 
of experience at this hobby. Bend for fret 

John* M.* Plercf, 11 Hsrvsrd St., Sprinofleld, Vt. 


REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

(Send for our NEW, ENLARGED, end ILLUS- 
TRATED catalogue.) 

M. CHALFIN 

a.P.O. Box 207, Now York, N. Y. 




SCOPES 


A Popular Illustrated 
Astronomical Monthly 

For amateur astronomer* — new star 
charts, Gleanings for telescope makers, 
page for observera, and celestial photoa. 

$2 a year, domestic; #2.50 foreign 
Single copy, 20 cents. 

SAMPLE COPY ON REQUEST 

SKY PUBLISHING CORPORATION 

Harvard 'Observatory, Cambridge 38, Mesa. 
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Our Bodfk Corner 

THE BOOK DEPARTMENT of ScUntiilc American U conducted^ with the 
cp-operaUon ol the Editors, to make available lor you a comprehensive 
book service. Each month the Editors select and review in these columns 
new books in a wide range ol scientiiic and technical fields. In addition, 
they ore ready at all times to advise you regording the best available 
books on any subject. You are invited to use this service freely. Tell our 
Book Department what kind ol books you want and you will be furnished 
with the nomes of available books, including prices. When inquiring 
about books, pleose be specific; remember that we can be of the greatest 
help only when you tell us just what you are looking for. Books listed 
in these columns may be ordered from our Book Department. Add 25 
cents per book for mailing outside U. S* 

Conducted by 


MATHEMATICS DICTIONARY 

Great help in reading any hook using 
mathematics. 

Invaluable when the meaning of an 
occasional word or phrase is needed. 

Saves time and labor at a nominal 
cost. 

The flumes Mathematical Dictionary 

provides* brief, clear definitions; easy 
illustrative examples, fiRures, excellent 
cross-references, formulas of all sorts, 
snd the tables ordinarily used In hand> 
books 

Second edition, 1943, attractive for- 
mat; 327 pages, 13.00 postpaid 

Indicate flexible or non-flexlble bind- 
ing. Order from The Digest Press. Dept. 
BB, Van Nuys, Callfonilu, or The Scien- 
tific American. 


EARTH, MOON AND PLANETS 

By FRED L. WHIPPLE 

Member of the Harvard College Ob- 
servatory staff presents aiitbentfc 
known facts on tlie planets, bow the 
system holds together, the discoveries 
of Neptune and Pluto, dcUirmining 
the masses of the Earth and other 
bodies, the Earth as an abode of life, 
the Moon’s influence on the Earth, 
observing the Moon, nature of the 
Moon; also on Jupiter, Saturn, Uran- 
us, Neptune, Pluto, Mercury, and 
\'enus, and on Mars; also the origin 
and evolution — $2.60 i)ostpaid. 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W. 40th St. New York City 


THOUSANDS 

of NEW and PRACTICAL For- 
mulas From Every Important 
Industry Will bo Found in the 
Latest Edition 
of 

The New Chemical 
Formulary 
(Vol. 6) 

Edited by H. BENNETT 

From adhesives to textiles, accu- 
rate formulas are given for a 
multitude of products. Alloys, 
beverages, oils, cosmetics, paints, 
polishes, are just a few of the 
subjects covered. 

important today is the chapter on 
substitutes. 

Suppliers of chemicals are listed, 
with addresses, for convenience in 
locating needed materials. 

635 pages $6.10 postpaid 

SCIENTIFIC AMERICAN 

24 Wtst 40tb Street, New York 18, N. Y. 


THE NACHne TOOL PBINEB 
By Tke Herbert D. Hell Fonedeiion 

A BRIEF but comprehensive and all- 
inclusive summary of the metal 
working industry, presented in language 
devoid of technicalities and obscurities. 
The text covers the principal tools used 
in metal working, mass production 
methods in industry, the organization of 
a metal working plant, methods of meas- 
uring and improving efficiency, and how 
to use the tools upon which metal work- 
ing is based. The appeal of this general- 
ized text is wide indeed — anyone, young 
or old, who may want or need a funda- 
mental knowledge of machine tools and 
their applications will find tliat knowl- 
edge available here in a form that is 
easy to assimilate yet adequately com- 
plete within its scope. (280 pages, 7^hy 
lOMs inches, 341 excellent drawings and 
photographs.) — $1.60 postpaid. — A.P.P. 

HEAT TBEATMEHT OF METALS 
By J. WiBBiag 

C ONDENSED yet fairly complete is this 
straightforward account of heat 
treating methods and the underlying 
principles on which they are founded. 
Although essentially concerned with 
British practice, the text will be of 
value to industrial engineers in this 
country who have need for a general- 
ized survey. (100 pages, 5^ by 9 inches, 
39 drawings and photographs.) — $1.60 
postpaid, — J.P.C. 

PBISN AMD LEHS NAKIHG 
By F. Twyaaa 

T he managing director of Adam Hilger 
Ltd., Britain's outstanding precision 
optical producer, and inventor of the 
well-known Twyman interferometer, 
reveals in this new, compact text book 
the meat of what he has learned in a 
long lifetime about practical shop work. 
Content: Historical; elements of single 
lens working; nature of grinding and 
polishing; tools and materials; quantity 
production of lenses and prisms; center- 
ing, edging, and balsaming; making and 
working blocks of" prisms; testing opti- 


JOHN P. CANDIA 


cal work; testing optical glass. The 
American optical industry has already 
sought this new book eagerly (roof- 
prism producers of amateur origin speak 
highly of it) . Of what use would so ex- 
pensive a book, ostensibly on profes- 
sional quantity production, be to ama- 
teur telescope makers? To the tyro, 
almost none. Nor will advanced ama- 
teurs find it a full step-by-step manual 
It is more m the nature of a wide va- 
riety of notes, any single one of which 
may justify the purchase, a single short 
note often embodying the invaluable 
essence of years of costly shop experi- 
mentation, and as basically applicable 
and revealing in single-piece work as 
in mass production. It seems conserva- 
tively safe to predict that, eventually, 
hundreds — perhaps thousands — of ad- 
vanced amateurs will place this excel- 
lent working aid next to “A. T. M. A.” 
on their shelves. (178 pages, 5^ by 8Vij 
inches, 63 illustrations.) — $4 60 postpaid 
— A.G.r. 

F16HTIM' OIL 
By Harold L. Ickes 

O IL, life-blood of civilization and par- 
ticularly of modern military opera- 
tions, is a far more complex subject than 
the average person appears to realize. 
Thus the thoughts of Mr. Ickes, set forth 
here in pungent, straight-from-the- 
shoulder exposition, are worth more 
than casual attention. The text surveys 
the need for oil, how to conserve it, how 
it is being used in a number of ways, 
and all the other ramifications of this 
important subject. (174 pages, 5% by 
8 inches, a few drawings and photo- 
graphs.) — $1.75 postpaid. — A.P.P. 

HABDMESS AMD HABDBESS 
MEASUBEMEHTS 

By Samwfl B. Willianis 

M etallurgists and engineers long have 
dealt with hardness testing but 
largely on an empirical basis. Here for 
the first time a physicist seeks to go be- 
hind this basis and explain basic, funda- 
mental research that leads toward the 
clarification of the subject. He rounds 
up and brings within compass of two 
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covers a vast amount of previously scat- 
tered data on: Theories and definitions 
of hardness; atomic structure in relation 
to hardness; underlying conditions in 
hardnecs measurements; wear resistance 
in relation to hardness; early, recent, 
and modern scratch methods; Brinell, 
Rockwell, and other methods, elastic 
properties as a measure of hardness; 
rebound methods; pendulum methods; 
tests on non-metals; portable testers; 
hardness and magnetic properties; mag- 
netic methods; electrical methods; notes 
on manipulation; bibliography of about 
1500 citations. A truly remarkable vol- 
ume combining theoretical and practi- 
cal. (558 pages, 6 by 8% inches, 340 il- 
lustrations.) — $7.60 postpaid. — A.G I. 

nSLD OF ACTION OF AIBCBAFT 
By W. W. Smith 

B ased on the discovery of a new method 
of solving all types of “radius of 
action” problems, and claimed to be 
simple for aerial navigators, this is a 
book of demonstrations and problems. 
(63 pages, 8^ by 11 inches, illustrated ) 
— $1.50 poGtpaid. — J.P.C. 

SCIENCE TEABBOOK OF 1943 
E4ite4 by John D. Batclilf 

S ELECTION of the 28 outstanding articles 
on medical research, aviation, natural 
history, and agriculture, published in 
1942 in Reader’s Digest, Saturday Even- 
ing Post, Atlantic Monthly, Colliers, 
Harpers, Fortune, American Magazine, 
Country Gentleman, Time, American 
Legion Magazine, Woman’s Home Com- 
panion, and Scientific American, as cho- 
sen by John D. Ratcliff. Naturally, nearly 
all of these are on the more rather than 
the less popular side. (226 pages, 5^/^ by 
8 inches, unillustrated.) — $2 60 postpaid. 
—A.G./. 

niOSTBUL BABI0L06T 
By St. John tmi Istalnirgtr 

P RACTICAL, working treatise on the use 
of X-rays and gamma rays for exam- 
ining castings, forgings, and the like, 
for internal defects; it even includes 
cost data. It is the second edition of a 
book published in 1934 and under the 
slightly different title of “Industrial Ra- 
diography” the scope having now been 
broadened and the content brought up 
to date. (298 pages, 5% by 9 inches, 103 
illustrations.) — $4.10 postpaid. — J.P.C. 

HIW OUB ABNT 6BEW WINGS 
By Charles ieFeresI Cheadler, Lite Colonel 
1I.S. Army, and Frank P. Lahm, Brigadier 
General, B.S. Army, Betired 

B oth of the authors played distin- 
guished personal parts throughout 
the development of Army aviation and 
are essentially fitted by experience, 
knowledge, and personal character to 
write an impartial, well -documented, 
and almost definitive account of the 
progress of our Air Corps. The book 
grew from voluminous notes and cor- 
respondence left by Colonel Chandler, j 
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PLASTICS — By /. H. DuboU, Meetjr lofonneUee 
en the whole general aubjeet of plaatica, pretented 
la narrathre form for eaaf reading. Tabulationa of 
aropertiea of plaaties, plua baalo design information, 
for laymen and teehnioiant alike. $S.10 

EXPERIMENTAL ELECTRONICS — - By Balph 
0. Muller, R. L. Cmrman, and M. E. Bros. 
A solid book of eminently praotioal Information on 
the oharacterisUos and non^oommunication applica- 
tiona of electron tubes* The teat describee esperi* 
ments and presents results. For students, radio 
engineers, eotamunicatlons eaperts, and the serious 
general reader. $4.7S 

BOW TO READ ELECTRICAL BLUEPRINTS — 
By GUbart M. Heine and Cart 0. Dunlap, A 
chapter on bow blueprints are made, plus nine other 
sections, each of which Is deroted to a apeoialised 
part of the eleetrioal field, from bell and signal 
wiring through motor control diagrams to power 
station blueprints. $3.10 


OET TOUGH! — By Capt. W, E, tairbaim, 
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and Kohl, A well-written socount of this newest 
tool of science, with ell technicalities explained tor 
complete underatandlng by average persons. $8.95 
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are described in this remarkable book than in any 
book on seamanship ever published or dreamed of. 
3257 knots are illustrated in half-tone reproduction 
and are described in the teat. $5.10 

A MATHEMATICS REFRESHER — By A, 
Hoopor, Prepared mainly to refresh aviation 
trainees whose high school mathematics is rusty. 
Scope — arithmetic through calculus. $2.60 
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Manapargmr and Pappar, The whole story of piss* 
tics, including a resume of manufacturing processee 
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and Charlaa T, Bavan, Comprehensively eovere 
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and allied sciences. Used in laboratories and by 
engineers throughout the conntry. Flexible binding, 
2503 pages. $4.10 

ATOMIC ARTILLERY — By John KaUoek 
Bobmrtaon, Eleetront, protons, positrons, photons, 
neutrons, and cosmic rays, all described lor tbe 
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I who first conceived the idea of the book 
as an informal batch of reminiscences. 
Colonel Chandler’s project became more 
ambitious as he went along and, fortu- 
nately, General Lahm could complete 
the work after Colonel Chandler’s death. 

The book is a fine record of great his- 
toric events, dealing with the pioneer 
period of Army aeronautics and ending 
appropriately with the Act of July 8, 
1918, which approved formation of the 
Aviation Section of the Signal Corp. 
(333 pages, 32 illxxstrations.) — $3.85 post- 
paid. — A,K. 

THESE NYSTERIOHS HAYS 
By A1$r L. Hiri. 1I.D, 

R adiology in medicine. Chatty, read- 
able, non-technical discussion of the 
uses of X-rays and radium, chiefly in 
medicine. Anyone having a layman’s 
interest in the things that doctors find 
out by means of X-rays would revel in 
this book. It tells in simple terms what 
the doctor finds when he X-rays you, 
and deals with numerous conditions and 
ills. (218 pages by 8 inches, 28 illus- 
trations.)— $2.85 postpaid.— A.G.r. 

AlRCRArT ER6»E NAIHTEHAHCE 
By Jimei H. Siddfllk 

I N ORDER to make this volume as com- 
plete as possible, the author has in- 
cluded not only those phases dealing 
strictly with maintenance, but also a 
thorough-going explanation of the con- 
struction and operating principles of the 
aircraft engine. Designed for mechanics, 
pilots, draftsmen, students, and so on. 
(372 pages, 6 by 9 inches, 268 illustra- 
tions.) — $2.85 postpaid. — J.P.C. 

THIS EXCITING AIB 
By B$$Bt T. CayloB 

T he sub -title, “Experiences of a Test 
Pilot,” correctly defines the subject 
matter of this small book. Mr. Guyton, 
who began his flying with the Navy, is 
one of the most experienced test pilots 
in the country and neither unduly glam- 
ourizes the art of test flying nor un- 
derates its dangers and difficulties. For 
a lay reader who wishes to know what 
a test pilot really does, this book will 
provide information and entertainment; 
a professional reader will add it to his 
stock of interesting flight yarns. (218 
pages, 9 photographs.)— $2.10 postpaid. 
— AJC. 

HHNAHUIHG BIBLICAL RELIGION 
By WUUbbi Floyd 

I conoclastic but not deliberately dis- 
putatious or blatant analysis of widely 
accepted beliefs, with a constructive 
statement of the secular philosophy of 
humanism based on natural law and an 
impersonal force in the universe, also 
on ethical conduct for a better life here 
and now on earth. This philosophy has 
much in common with those held by 
many scientists. (276 pages, 6 by 9 
inches, one illustration.)— $2.10 postpaid. 
-A.G./. 

Connactieut 




CONTENTS * OCTOBER 1943 


FtMtom <1 Ik* MHMal B*ilit« r*. Ptafc 14k 

SO Tmts A§^ b Sdtaiific IbiirkaM 141- 

ISO 

METALS IN INDUSTRY - Conducted by Fred P. Peters 

SilTtr b IPmm iid War ISl 

AVIATION — ' Conducted by Alexander Klemin 

TwMrraw'a Air Traatperl Plaaei . 1S4 

ENGINEERING Conducted by Edwin Laird Cady 

Tikbf Rial OiU af bdiatry I$T 

CHEMISTRY IN INDUSTRY - Conducted by James M. Crowe 

Prafrtsf b Prtlabi . ISO 

FUNDAMENTAL SCIENCE - Conducted by Albert G Ingalls 

l^gllci* Parait ....kA. F. Caffb iS3 

ELECTRONICS -- Conducted by Keith Henney 

Nabrs Df itUar Jabt ISB 

IN OTHER FIELDS ~ Conducted by The Staff 

Rabliar: Rabral Or SyalkaBc? . . Or. Earl N. iretsmaa 169 

New Pradmds 184 TaletcapUcs 188 

Carreal Billatb Brials 187 Onr Book Gamer 190 


SHOULD ERRORS creep into the graduations of the scale of an 
aircraft sextant, they would be multiplied hundreds of times 
in the calculations of the bomber or transport navigator who 
used the instrument. Thus the greatest possible precision is 
maintained in the engraving of these scples. On our front cover 
this month is shown a skilled worker at the Pioneer Instrument 
Division, Bendix Aircraft Corporation, setting the ingenious 
machine that does the engraving which eventually will safe- 
guard lives and planes. 


ORSON D. MUNN, Editor 

A. P. PECK. Mcmaqlnq Editor. ALBERT G. INGALLS. A. M. TILNEY, 
JOHN P. DAVIS. K. M. CANAVAN. Associate Editors. 



T he watch above is the Longincs Chrono- 
graph of Clyde Pangborn. 'U)day, it helps 
navigate bombers over the Atlantic. In 1931, 
when ocean flights Mrere branded as fools* 
missions, it served a world-flight that made 
front page news. Pangborn flew to Europe, 
across Russia to Chitka and thence to 
Tokyo. There he was welcomed by the 
police and lodged in the Tokyo jail! Japan 
didn’t likd free-flying Yankees. flThc mat- 
ter was settled by a stiff fine and Pangborn 
non-stopped his 6lanc to Wenatchee. Wash- 
in^on, U.S A. Pangborn had blaxed a trail 
to Tokyo 9 It was he and the other pioneers 
of aviation who demonstrated the possi- 
bilities of the airplane. And Longines first 
pioneered the aviation timepieces which 
now, as then, are essential in air navigation 
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9o-called “informed circles*^ In Washington are predicting 
end of Germany by next summer at the latest, perhaps by 
next spring, maybe even by the end of 1943. Then pother 
year of war with Japan and . . . the post-war era. Nothing will 
be read into such predictions, by the intelligent person, which 
will in one iota affect our present schedules of production 
for the military forces. They do, however, bring home force- 
fully the need for even more intensive thinking on those 
problems of the post-war world which must be prepared for 
in advance if they are to be met with any degree of success. 

The period of transition from military to civilian produc- 
tion is going to be a painful one. Transition periods almost 
invariably are painful. Yet the pain— and even more serious 
consequences— can be reduced to a minimum by the exer> 
else of a degree of foresightedness seasoned with a knowl- 
edge of those advances in science and technology which 
have grown out of war-driven research. 

Now, then, is the time to start planning for the future, if 
it has not already been initiated. So far the Government is 
not looking with too great favor on such planning by indi- 
viduals and private industry, although 
Government itself is doing some of it 
in a way that many think to be im- 
practical. The fear seems to be that 
post-war planning will slow up present 
production. Such fears, for the most 
part, are groundless or worse. The 
company which has placed its war-time 
operations on a sound working basis 
and has given some of its attention 
to the future knows that it has a great 
stake in the peace to come. With this 
knowledge it will certainly continue 
to strive for the greatest production 
which, in turn, will mean the earliest 
possible end of the war. And when the 
comer is reached, the companies in this 
category will be in the strongest po- 
sitions to face reconversion with a 
minimum of upheaval within their own organization ranks. 

If events follow the path predicted by the “informed cir- 
cles,** war production will probably taper off somewhat after 
the fall of Germany. No immediate drop is to be foreseen, 
but the trend will undoubtedly be generally downward in 
many industries. This will give a period — perhaps the year 
previously mentioned as being the time required for the 
finish of Japan — during which some of the post-war plans can 
start to operate If they have been polished to a point where 
they are workable, everyone will benefit. If they are allowed 
to languish and are put off until needed, they will not be 
ready for use and many people — employers and employees 
alike — ^will suffer. 

On post-war planning will industry stand or fall as the 
guiding force of the American way of life 
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amounts of lost time on important war work. This skin 
trouble has been directly traced to irritating substances in 
the glue. And the troubles have not been confined to 
workers using urea-formaldehyde and phenol-formaldehyde 
adhesives but have also been found among those exposed 
to the effects of other more common glues to which irri- 
tating chemicals have been added. 

Such occurrences as those outbreaks of glue itch point 
definitely to a responsibility which industry has, not only 
to employees as Ir^viduals but to the nation as a whole. 
Not until the war is over can the production of military 
goods be relaxed for a moment, except as changes in military 
operations dictate. Not at any time should employees be 
exposed to conditions that can effect their health until every 
precaution has been taken to remedy 
these conditions, to prevent outbreaks 
of disease, or to provide adequate 
treatment for those affected. 

Medical science is prepared to cope 
with problems of these types; with the 
co-operation of industry much can be 
accomplished. 


SILVER LINING 


VoMiNG Up rapidly as an industrial 
metal is silver, yet this important de- 
velopment work has found a number 
of stumbling blocks in the form of 
political chicanery, much of which 
dates back into the early days of silver 
mining in the United States. In those days, when the uses 
of silver were limited to coining and decorative activities, 
the motives of politicians in building the fences which they 
erected around this precious metal were of little moment 
to the industrial world. 

Today, however, science has shown many new uses for 
silver, some of them highly important to the war effort, all 
of them based on jobs which silver can do as well as or 
better than other materials. In the future, and this will 
be especially true if the politicians awaken to the facts 
of life, silver will be widely used in the electrical, chemical, 
metallurgical, and other industries, following the lines 
detailed in the article starting on page 151 of this issue. 


WNCNCC NNBBEB IB TIE FUTIIBE? 

Wren considering the problem of whether our future rub- 
ber supplies will come from the test tube or the rubber tree, 
one fact that is often lost in the shuffle is that natural rubber 
can be produced to special specifications, much as can the 
product of chemical ingenuity. This, plus the adaptibility of 
rubber raising to small-scale farming operation, will have a 
definite eff^t on the post-war rubber economy. For more de- 
tails. see page 169. 


IBBifTBUL DBBNRTITIS 

Increasing \attention is being given by medical science to 
skin and other diseases directly attril^table to conditions 
under which industrial workers are employed. Recently, for 
example, diere have been outbreaks of “glue itch** among 
employees in plywood and laminating plants, causing great 


AIBPLANER OF THE FUTURE 

MERiCAN industry has proved that it can produce airplanes 
rapidly and in large quantities. These planes are being 
flown in all kinds of weather in many parts of the globe. 
On such facts are being built over- optimistic pictures of 
the future of aircraft as far as the average man is concerned. 
Planes that he can fly witfi little more instruction than 
needed to master the driving of an automobile are entirely 
possible. They can be made cheap enough to meet his 
pocketbook. But at low prices they cannot possibly be 
equipped with the intricate and delicate instruments so 
necessary for flying tmder all conceivable conditions. Add 
to this the terrifying prospect of airways crowded with 
planes and the over-optimistic pictures will take on a 
greater shade of reality — and of fewer planes for civilian 
flying. 

This is not to say that there will be no market for private 
planes , in the future. There certainly will be, but from 
where we sit we can see no immediate prospect of a plane 
in every back-yard. The future of aviation seems pretty 
clear at the moment: Huge development of aerial trans- 
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portation of passengers, mail, express, and cargo (see page 
154), handled by competent organizations on well defined 
airways; and a renewal on an increasingly large scale of 
the interest in sport fiying that was gaining ground rapidly 
before the war. But planes for every commuter, for week- 
end trips to the mountains or the seashore, for all the uses 
to which the family automobile is put, is stretching things 
a bit too far until a great deal of additional development 
work is done on fool-proof automatic control of planes 
and aerial traffic. 


FOR GREATEST FLEXIRILITY 

In the earliest days of electrical transmission of power, 
direct current had the field to itself. Then came the de- 
velopment of alternating current, with attendant economy 
and flexibility. Despite technological progress, however, 
certain appliances (notably motors) designed for D.c. oper- 
ation gave better performance for some purposes than did 
those for a.c. use. And they still do. Nevertheless, a.c. 
power forged ahead, virtually leaving such appliances to 
shift for themselves. Now comes a de/elopment in the 
field of electronics to bring to unit motor users all of the 
advantages of a d.c. machine with the desirable features 
of A.c. distribution of power. For details see page 166. 
This industrial adaptation of a principle of electronics is 
sure to influence machine design in many respects, to bring 
greater flexibility to electrically driven equipment, to spread 
the use of unit motors to operations to which they could 
not heretofore be applied, either because of the lack of a D.c. 
source or because A.c motors were not satisfactory. 


A PLASTIC or THE FUTORC 

Qood news for post-war manufacturers of certain consumer 
goods comes from the Du Pont Company. Engineers and 
designers, they say, who never before the war worked 
with the crystal-clear plastic Lucite have, incidental to 
war production, developed uses for this material which 
can be applied on a production basis to the fabrication of 
such products as furniture, automobiles, refrigerators and 
other household appliances, display signs, industrial equip- 
ment, and so on. 

These applications, in addition to uses in commercial 
air-transport planes, following practices developed for war- 
time ships, will open broad horizons for clear plastics. As 
their properties are more thoroughly investigated by the 
probing finger of restless research, and their mechanical 
possibilities are tested under even more varied conditions, 
they will undoubtedly pop up in unexpected places in the 
home, the factory, and the business office. 


JUST AROORD THE CORRER 

Some day television will be the basis of a great industry. 
Many of the technical problems have been solved, in the 
laboratory and in the field, but there is much more to the 
whole subject than just this. There are economic problems 
of tremendous magnitude which must be solved before 
television will be anything more than an interesting novelty 
to a few scattered owners of receivers. This situation will 
hold true until such time as a means is found for paying 
for the programs. These statements are based on reports 
from E. F. McDonald^ Jr., president of the Zenith Radio 
Corporation. On the other hand, Ralph R. Beal, Research 
Director for the Radio Corporation of America, has recently 
stated that television will be ready for every family’s use 
“immediately after the war.” , 

The difference between “technically ready” television and 
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satisfactory television programs day in and day out is 
a factor in the whole television situation which must not 
be overlooked Science and industry will be ready to pro- 
duce receivers as soon as they are permitted to do so when 
peace comes. However, the time when adequate progranw 
will be available seems still to be far off on the horizon. 


EARRIRG WHILE LEARR1H6 

An education plan which might well be applied in other 
localities and to men as well as to women is now in operation 
at Shurtleff College. Here girls are given an opportunity 
to pay for their education by working alternate three-month 
periods in the plant of the Western Cartridge Company 
and going to school in the intervening three-month periods. 
Usual procedure is for the girls to be paired off so that one 
is working while the other is attending classes. Thtis the 
plant has the uninterrupted services of a productive worker 
and the college can maintain its classes and teaching staff at 
maximum efficiency. 


NRRE OR METALS 

In these columns last month we dealt with the possibilities 
of the light metals in the future and of the steps which the 
steel industry is taking to hold its own place in various 
fields. To this discussion should be added further notes 
in order to round out the picture. 

While the light metals — aluminum, magnesium, and 
their alloys — will find uses in the automobile of the future, 
steel will undoubtedly remain the predominant motor-car 
fabricating material, especially in the low-price field. Then, 
in the manufacture of aircraft, there must be considered the 
possibilities of steel and plywood combinations and of 
aluminized steel to meet certain specifications. Today, em- 
phasis in aircraft construction is on high strength combined 
with light weight, the weight factor influencing such char- 
acteristics as maneuverability, gasoline load, ammunitions 
and bombs carried, and so on. Tomorrow, in the transports 
and cargo ships, strength will still be needed but there 
will not be the life-and-death aspects of light weight 
Under these conditions, steel will become a much more 
serious competitor in the airplane field than it is today. 


TOMORROW'S FABRICS 

One of the fields that rubber, whether synthetic or natural, 
is going to lose, at least in large part, to other substances, 
is that of water-proofing As a result of huge demands by 
the Army for weather-proof clothing, textile-coating ma- 
terials made from synthetic resins and similar products of 
the laboratory have been applied with great success. In 
many respects these new fabrics are better than the rubber- 
ized ones which they replace. They withstand tremendous 
fluctuations in temperature, resist the effects of gas and 
oil, and are subject to less deterioration under the direct 
rays of the sun. Add to these desirable characteristics 
the fact that these new fabrics can be made lighter in 
weight and more flexible, and there is seen a future con- 
sumer market of sizeable proportion. 


KEEP1R6 DOWR THE DUST 

Closely linked with problems of industrial diseases, men- 
tioned in a previous paragraph, is the matter of dust in 
industry. Through the application of recognized methods 
of dust control (see page 157), » many industries are not 
only reducing the incidence of respiratory troubles among 
workers, but are, in some cases, recovering valuable mate- 
rials from process dusts that otherwise would be thrown 
to the winds. 
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GERM WARFARE — “Experiments have been recently made 
in Germany to ascertain if rifle bullets can carry infection. 
. . . Investigations show that if rifle bullets are purposely 
brought in contact with micro-organisms and then dis- 
charged in the usual way they carry the microbes with 
them into whatever material they subsequently penetrate; 
the microbes, moreover, suffer no damage and grow as 
abundantly as ever.” 

FIREFIGHTING — “The settlement of this country has been 
followed by fires of unparalleled magnitude, which may be 
regarded as a natural consequence of the rapid growth of 
the country. ... It is a popular belief that every man who 
is able-bo^ed is fit to fight fire, but this is erroneous. . . 
What we need is a school for fire extinguishment, where 
systematic training can be given in the science and methods. 
Suck a school would dignify a calling until it reaches the 
stage of a profession, and would render life and property 
more secure. The firemen of the United States are, without 
doubt, the best in the world, but there is still abundant room 
for improvement.” 

RAILROADING — “The Chicago flier is not driven by one but 
by many engineers. ... In order to cover the 964 miles 
between the two cites in twenty hours, including nine stops, 
there are required seven huge engines in relays, driven by 
seven grimy heroes. A run of less than one hundred and 
fifty miles is the limit per day for each engine, while three 
hours of the plunging rush wears out the strongest engi- 
neer.” 

ARGENTINE DEVELOPMENT — “The national government of 
the Argentine Republic and the provincial government of 
Buenos Aires have granted concessions to Messrs. Gibson & 
Co., to construct a port at San Clemente, Cape San Antonio, 
in the province of Buenos Aires, and railways to connect 
the port with the existing railway system. . , . The first sec- 
tion of the projected works includes an entrance channel 
having a depth of 29.5 feet at low water and 34.4 feet at high 
water. The breadth at low water is to be 311 feet. A mole, 
5,578 feet long, will inclose the harbor on the west. Other 
quays are to be built. There is no special difficulty with the 
railways, which it is hoped will open up a large and fertile 
zone of the province” 

OIL — “The depth at which oil is found [in recently devel- 
oped Peruvian oil fields] .... is not over 500 feet, whereas 
in the United States the depth is from 2,000 to 3,000 feet. 
The distilled product is sold along the coast, while the crude 
oil has a large sale at Callao for use by the gas companies, 
for stationary engines, and for the railway locomotives, as 
a substitute for coal.” 

PATENTS — “We regret that not a single member of Con- 
gress has brought forward a bill to facilitate, protect, or 
assist the innocent inventor in securing reasonable rewards 
for his labors in benefiting the country by discovering new 
processes and inventions. It seems to us the true policy is 
to pass laws to foster, encourage and promote the establish- 
ment of new industries, not to break down and chastise the 
authors and inventors thereof.” 

STEAMSHIP SPEED — “Mr. J. H. BUes, the designer of the 
Par^ and New York, suggests the possibility of 30 knot 
steamers in the future. Ten knots mvist be added to the 


present speeds. Of this Mr. Biles proposes to gain two knots 
by the use of nickel steel instead of ordinary steel, then 
three and a half knots by the use of oil instead of coal as a 
fuel, and the remaining four and a half knots he believes 
can be secured by such changes in dimensions as will in- 
crease the length and draught and by improving the ma- 
chinery. The length will be about 1,000 ft , and the beam 
100 ft., with a draught of 30 ft.” 

BREAD AND SOAP — “From a communication read to the 
Association of Belgian Chemists, it seems that Continental 
bakers are in the habit of mixing soap with their dough to 
make their bread and pastry nice and light. The quantity 
of soap used varies greatly. In fancy articles, like waffles 
and fritters, it is much larger than in bread.” 

GAS LIGHTS — “The gas used in lighting the Broadway 
Cable Cars .... as well as all cars using the Pintsch system, 
is made from crude petroleum .... from which a very rich 
gas of over 70 candle power is obtained, and which will 
stand a very high degree of compression without materially 
affecting its illuminating qualities.” 

TURBINE ~-“De Laval’s steam turbine, which forms the sub- 
ject of our illustration, is in principle exactly similar to the 
well-known axial jet turbine for water. . . . The steam passes 
between the blades of the turbine at a constant relative 
velocity and in a clear jet, without any disposition to further 
change its pressure or specific gravity The blades 

against which the steam strikes are made thin at the edge 
to reduce the resistance to the flow of steam In this tur- 



bine steam is expanded to the pressure of the surrounding 
medium before arriving at the blades. This expansion takes 
place in the nozzle, and is caused by making the sides of 
the nozzle divergent. As the steam passes through the nozzle 
its volume is increased in greater proportion than the cross 
section of the jet, thus causing an increase in velocity. With 
an initial pressure of seventy-five pounds, and an expansion 
to the pressure of one atmosphere, the final velocity of the 
steam is about two thousand six hundred and twenty-five 
feet per second. . . . Expansion is carried much further in 
this turbine than in ordinary steam engines ” 

TORPEDO BOATS — “Considerable interest is being taken m 
the new torpedo boats which are now being constructed, 
two at the New York navy yard for the Maine and two 
others at the Norfolk navy yard for the Texas, The boats 
are built as light as possible, so that they can be easily 
hoisted on board the large vessels. . . . The two boats for 
the Maine will each be fitted with a bow tube for discharg- 
ing an 18 inch Whitehead torpedo and the two boats for the 
Texas will each be fitted with a deck training tube for a 
torpedo of the same size. Each boat will carry a 1 -pounder 
rapid-fire gun.” 

STOCKINGS — “The enterprise and skill of American silk 
hosiery manufacturers has, it is represented, very nearly 
driven the foreign lisle thread stocking out of the market.” 
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He has a promotion to report. Or a week-end 
leave coming up. Or it’s his mother’s birthday. 

Evening is about the only time he’s free to call 
and it’s important to him. 

Will you do your best to avoid Long Distance 
calls after 7 at night, for the sake of millions of 
Joes — and Josephines? They’ll appreciate it. 


•ILL TELEPHONE SYSTEM 
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It’s SAFE and SMART to follow the LEADERS! 


Production Experts 
Choose This 
Training Finn! 


‘IT WOULD be little short of a 
catastrophe if, in case the war should 
end tomorrow, ^e vast onward sweep 
of our technological war developments 
should be stopped in mid-air.” Dr. 
Charles Kenneth Leith, Office of Pro-- 
duction Research and Development of 
the War Production Board. 

U II II 

A COUNTRY such as ours, free 
enterprise supports us all, the govern- 
merit functioning as the referee of the 
rules prescribed for the conduct of 
the game of business,'* Harold Vinton 
Coes, Vice-President of Ford, Bacon 
and Davis, Inc. 

II H U 


Tlie Alexander Hamilton Institute's executive training program has been selected 
by thousands of big production executives. Tlieir decision is well worth following. 

These men know the value of the Institute's Course as a means of gaining a 
working knowledge of the basic principles of business and industry. They recognize 
it as praaical, hard-hitting and tuned to the times. And you know that among to- 
day's busy students are tomorrow* s captains of industry. Will you be one of them? 
iTie list of leading production men in your field who have enrolled includes : 


“SO FAR as the building industry is 
concerned, it is now, for the first time, 
beginning to have the technological 
skill to build homes within the income - 
reach of nearly all of the American 
people. . . The building industry is now 
on the threshold of a new frontier 
Mass production.'* Bror Dahlberg, 
President, The Cellotex Corporation, 
u u n 


% Murray S. Kice, Chief Engineer 
American Blower Corp, 

• Lewis P. Kalb, Vice President 
in Charge of Eng. & Mfg. 
Continental Motors Corp. 

• W. C. Bulctte, President 
Brandt-Warncr Mfg. Co. 

# Frank C. Dana, Personnel Director 
Four Wheel Drive Auto Co 

# Wm. A. Faison, President 
Atlantic Steel Casing Co. 

• . • and cho 


# Benjamin F. Fairless, President 
United States Steel Corp. 

# H. W. Steinkraus, President 
Bridgeport Brass Co. 

# J. W. Assel, Chief Engineer 
Timken Steel Sj. Tube Co. 

# Lewis H Bates, Plant Manager 
E. I. Du Pont de Nemours & Co, 

# A. N. Kemp, President 
American Airlines, Inc. 

[s more! 


Seitd Utuc TmO’ Fiee UooUUis: 

^Torglng Ahood In Bufln«tf/' the Institute's fascinating 
64-page book, will interest all ambitious, future-minded 
production men. 

There arc no copies for the merely curious, but to all 
men of serious purpose, "Forging Ahead in Business" is 
sent FRF£ and without obhgation. Fill in and mail the 
coupon below, and your copy will be mailed to you 
promptly. Do it today! 

ran h«i|i for •nginners. In addition, for a limited time 
only, we will also include FREE "How to Prepare an 
Engineering Report" —a helpful, 72-pagc guide prepared 
especially for our technically-trained subscribers. To re- 
ceive both booklets without cost, simply fill in and mail 
the atuched coupon today. 



ALEXANDER 

HAMILTON 

INSTITUTE 


Alexander Hamilton Institute 

Dept. 00, 73 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Welliiigcoa Street, West, Toronto, Ont. 

clie,64-page bool^ 


-•’FORGING AHEAD IN BUSINESS” and also a copy ol 
••HOW TO PREPARE AN ENGINEERING REPORT." 
both without cost. 


Name 

Business Address 


' Position 


Home Address 


“THE WAR, if it demonstrates any- 
thing, demonstrates that mankind as a 
whole is morally and politically unfit 
to apply the knowledge which science 
has placed at tts command.** Dr. Wil- 
lard H. Dow, President and General 
Manager, The Dow Chemical Company. 

II n u 

“NO GREAT new engineering pnnci- 
i pies have come out of the war but 
many new developments have come 
from recognized engineering princi- 
ple.s.” Alfred P. Sloan, Jr., Chairman 
of the Board, General Motors Corpora- 
twn. 

II II II 

''THE WHOLE job of war production 
is geared to the speed of the slowest 
producer. It is this slow producer who 
needs our help, for if he is a maker of 
one part of a weapon, that weapon only 
gets to the firing line with the speed 
at which he operates.** Alvin E. Dodd, 
President, American Management Asso- 
' ciation. 

II II II 

“OUR PSYCHOLOGICAL front should 
be as powerful, as dynamic, as our eco- 
nomic and military fronts. It can destroy 
the morale of the enemy, his belief in 
himself and in his myths. It can win the 
good will of non-belligerents, so impor- 
tant now and in the post-war world.” 
Edward L. Bernays, Counsel on Public 
Relations. 

U U H 

I 

“/F SAVING civilization has depended 
upon the production of war supplies 
in amounts needed, when needed, then 
it has been the sprawling giant of 
American industry, its managers and 
labor, which saved it.** David Hinshaw 
in ‘The Home Front.” 
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Pouring molten allwer into o crucible preparatory to making wire bars 


Silver in Pence nnd War 

The Irreiislible Technical Force oi Silver's Wartime Development As an 
Industrial Haw Material Has Crashed into an Immovable Political Wall. 
Full Utilization of this Metal's Post-War Industrial Potentialities Can Come 
Only With Public Enlightenment on Both Phases 


A merica’s most misunderstood war 
material today is silver. The pub- 
lic, which thinks of silver as something 
used solely for dimes and quarters, 
tableware and jewelry, sadly under- 
rates it and is completely at sea on “the 
silver question” as a political issue 
Politicians and producers who regard 
the currency-backing use for silver as 
its major “market” are blind to its real 
potentialities. And industrialists who 
are unaware that silver is a superla- 
tive bearing material, a useful ingredient 
of electrical contacts, and a remarkably 
ubiquitous jointing metal in war pro- 
duction are doing justice neither to 
their own operations nor to silver it- 
self. 

But, for all its present utility in the 
manufacture of warplanes, communica- 
tions equipment, and munitions in gen- 
eral — and despite its promises as a 
post-war material — silver is at this 
moment one of our most celebrated 
political footballs. It is now under WPB 
control, although a vast hoard of it re- 
mains unused in this country, and 
under a recent order it must be sold 
to industry at two widely distant price 
levels /or the same quality material, 
depending on the end-use. 

Public opinion could force a correc- 
tion of the silver situation. Already the 
pressure of technical development and 
industrial demand have broken down 
a few barriers to employment of the 
Treasury’s silver accumulation for war 
purposes. But before the full voice of 
the public can be heard it must “under- 
stand” silver— both as an industrial ma- 
terial and as a political Issue. 


To comprehend fully the new position 
of silver one must examine its status 
before war needs revealed its industrial 
adaptability. In 1939 the United States 
consumed a total of 54 million troy 
ounces of silver, of which 20 million 
ounces was used to make silver coins 
and 34 million ounces went into silver- 
ware, photography, and general indus- 
trial uses. The significant point is that 
these general industrial uses accounted 
then for less than 6 million ounces 
(about 200 tons). Silver was predomi- 
nantly employed for either coinage or 
luxury items — it was a typical glamour 
metal, with virtually half of its con- 
sumption assigned to ornamental uses. 

The years of peace had bron<»ht 
something else to American silver — a 
magnanimous customer who purchased 
all the silver United States mines 
could produce, as fast as (even faster 
than) they mined it and at a price about 
double that obtainable from any com- 
monsense manufacturer, and who then 
stored it away in vaults and forbade 
its use for any productive purpose. This 
customer was Ae United States Treas- 
ury, which was required by law to pay 


a high premium for newly -mined do- 
mestic silver and store it so that some 
day the monetary values of the Treas- 
ury’s silver and gold stocks would be 
in the ratio of 1 silver to 3 gold. (The 
ratio is now about 1 to 5) 

This premium price was in the neigh- 
borhood of 70 cents an ounce (it was 
fixed in 1939 at 71.11 cents) and foreign 
silver could be bought by American 
users in world markets for about 35 
cents an ounce. They naturally made no 
attempt to overbid the Treasury de- 
partment for American silver when the 
foreign metal was so much cheaper and, 
as a consequence, for the eight years 
prior to 1942 the arts and industries 
m the United States had been using 
only silver of foreign origin. In other 
words, 1939’s industrial consumption of 
34 million ounces of silver was based 
entirely on imported metal. 

But during all the time the Govern- 
ment’s silver-purchase program was ap- 
parently becoming more firmly en- 
trenched (to the delight of the “silver 
state” senators), scientists and engi- 
neers were learning things about silver 
and doing things with it that we^' 


OCTOBER 1943 • SCIENTIFIC AMERICAN 



ultimately to change whole situa- 
tioxi. Itie silver producers themselves 
sponsored research on the properties 
of and possibiUties in silver for Indus- 
trial use. Pure silver was discovered 
to have the “sUpperiness*’ expected of 
a good bearing metal, combined with 
the corrosion resistance desired for 
modern aircraft and automotive engine 
service. Silver-lined containers and 
silver-clad vessels increased in use for 
holding certain corrosive chemicals. 
Powder metallurgy opened up the field 
for silver in electrical contacts, since 
by this new technique desirable but 
otherwise not-producible combinations 
of silver with nickel, molybdenum, or 
tungsten could be achieved. And the 
use of silver brazing C**hard soldering”) 
alloys grew with astonishing rapidity as 
their advantages of low- temperature 
but high-strength joints became more 
widely recognized. 

By the time the war struck America, 
all these trends had reached so far that 
silver behaved at its impact like any 
other industrial raw material. The con- 
sumption of silver was heavily ex- 
panded by virtue of the general exp^- 
sion of all those industries already using 
it. At the same time the war created 
a sudden demand for large amounts of 
silver as a substitute for critically 
scarce metals and coatings such as 
nickel, chromium, and copper. 

And, as one might expect, the ir- 
resistible technical force crashed into 
the immovable political wall. The sup- 
ply of foreign silver was found instiffi- 
cient for the new industrial demand, 
and pressure was put on the Govern- 
ment to repeal or modify the silver- 
purchase laws so that both domestic 
silver production and treasury stocks 
not required for currency backing could 
be used to fulfill the painfully heavy 
industrial requirements at a reasonable 
price level. 

Domestic silver production (remem- 
ber: This silver was chiefly not used by 
industry) in 1942 was 54 million ounces. 
The Treasury stocks not required for 
currency backing are over a billion 
ounces at this writing. The “silver 
bloc” in Congress has nonetheless re- 
fused to permit the abandonment of 
the silver-purchase program and legis- 
lation so that this hoard might become 
freely available to industry. 

But great gains have been made in 
recent months and part of both the 
silver hoard and domestic production 
are finding restricted use in Industry. 



Clot^^Bp oi Cl tow oi to# 
bniMd lelato w cm cdiplOM owtor 
ignltlott ihleUL Steel broekele and 
brose tnhfaig ond ontlete are need 


Thousands of tone of Treasury silver 
stock have been consigned to the De- 
fense Plant Corporation to be substi- 
tuted for copper and aluminum as bus 
bars and in other applications where 
the silver is not consumed or destroyed. 
Nearly three million ounces of silver 
were used in the new “silver nickels,” 
thus freeing large amounts of nickel 
for other uses. 

Finally, In July of this year, the 
controversial Green bill became law, 
and by its terms and under a subse- 
quent WPB order (1) silver from the 
Treastuy stock may be sold to indus- 
try at 71.11 cents an ounce for use only 
in engine bearings, military ins ignia , 
brazing alloys, and solders— under WPB 
control, and (2) foreign silver, which 
now costs 45 cents an ovmce, may be 
used for making electrical contacts, 
photographic materials, miscellaneous 
high-priority products, and medicines. 
To carry the extra cost of the high- 
priced silver, a bearing manufacturer, 
for example, is now permitted to break 
his O.P.A. price ceiling on the finished 
bearing and pass the extra price of his 
silver on to his ctistomer. 

T his sketchy political background has 
been presented in an article on tech- 
nical developments because the techni- 
cal and political phases of silver’s his- 
tory in our times have been inextri- 
cably woven. The influence on post- 
war industry of the war-winning ap- 
plications of silver now to be described 
can be great or small according to the 
political handling of silvei in the 
months to come. 

Silver has served the ends of Victory 
in two ways — as a replacement for tin, 
copper, and other critical materials and 
in its own right for mechanical or elec- 
trical parts that function best when 
silver or its alloys are used. Actually, 
in certain of the “substitute” applica- 
tions, too, silver alloys are turning out 
to be superior and will someday pre- 
sent a serious challenge to the metals 
they now replace — if the price situa- 
tion permits it. 

A typical “for the duration” applica- 
tion of silver is its new use as bus bars 
in aluminum and magnesium reduction 
plants. The bus bars are heavy -gage 
bars of pure metal that conduct the 
electric current from the power-sup - 
ply substations to the electrolytic refin- 
ing cells. They are normally constructed 
of pure copper or pure aluminum; when 
silver is employed without redesigning 
the system weight of the conductor 
is heavier than with copper, since the 
two metals have similar conductivities 
(silver is slightly higher) on a volume 
basis, but silver’s density is about 18 
percent higher. 

The silver for this purpose is lent by 
the Treasury department to the Defense 
Plant Corporation, who may use it only 
in Government-owned or operated 
plants and must return every ounce 
of it within five years. One of the most 
recent silver bus-bar installations is at 
one of the Dow Magnesium Corpora- 
tion’s plants, where 900 tons of it, worth 
over 18 million dollars at the Treas- 
ury’s price of 71.11 cents per oimce, 
must be kept constantly under armed 


guard. One understands immediately 
why silver for bus bars is an emer- 
gency use alone. 

The use of silver in the new “silver 
nickels” will almost certainly end with 
war’s termination. Close to three mil- 
lion ounces of silver have already been 
consumed In making these new coins. 
(They contain 56 percent copper, 35 
percent silver, and 9 percent manga- 
nese and have a “F* mint-mark on one 
side.) This is a lot of silver but the 
amount of copper or nickel saved is 
still only a small portion of the total 
copper or nickel tonnage. 

The standard “nickels” contained 25 
percent nickel and 75 copper. Original 
substitution plans called for a Victory 
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Typical silver contacts usod by In- 
dustry lor o wide variety of services 


“nickel” of 50 silver, 50 copper, which 
would have had about the same color 
and coining properties as the old nickel. 
But it was found that this straight 
silver-copper “nickel” had too high a 
conductiviy to operate the coin boxes in 
several types of vending machines, sub- 
way turnstiles, telephone pay stations, 
and so on, and the present composition, 
containing less silver and some man- 
ganese and having electrical resistance 
and magnetic properties similar to those 
of the old “nickels,” was developed. 

Silver is employed in bearings in two 
ways: In the form of silver-clad or 
silver-plated steel or silver-base alloys, 
and as a constituent of lead-base alloys 
developed to replace bearing metals 
containing large amounts of tin. 

Fine-silver is used in the main bear- 
ings and connecting-rod bearings of 
several types of aircraft engines be- 
cause of its superior performance and 
engineering economies. A thickness of 
about 25 thousandths of an inch of 
silver or a silver-lead alloy is joined 
to a steel backing. 'This combination 
provides the mechanical strength in 
thin sections beloved of aircraft de- 
signers, plus the cmbedability (the 
property of “absorbing” grit instead of 
being scored by it), corrosion-resist- 
ance, and “oillness” of the silver. The 
friction properties of pure silver are 
similar to those of lead, tin, and cad- 
mium, but it has a higher melting point 
than any of these and — ^what is espe- 
cially important in engine-bearing ser- 
vice—unusually good fatigue resistance. 

Actually, pure silver is not the “oili- 
est” bearing metal available, and on 
ground shafts it has some tendency to 
“seize.” The addition of a few percent 
of lead, however, seems to improve its 
bearing qualities considerably, although 
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the bond between si]ver->lead and steel 
is weaker than that between fine* 
silver and steeL Pure silver bearings 
run ideally against a polished shaft. 

Silver bearings in aircraft engines 
are electroplated, cast, or rolled oh to 
the steel backing. Although the cost of 
silver bearings might be expected to 
be high, actually they often cost little 
more than comparable bearings of other 
types (especially if the silver coating is 
produced by electroplating and is 
therefore very thin), because the cost 
of the silver in a bearing is only a 
small proportion of the total material- 
plus-production cost of the part. 

A “substitution” use for silver in the 
bearings field is its presence as an es- 
sential constituent in a class of lead- 
base babbitt metals being offered in 
place of conventional tin-base babbitts 
containing over 85 percent tin. Lead 
babbitts have widely replaced tin, 
since tin is relatively much scarcer, 
and lead babbitts with 2 to 5 percent 
silver approach the properties of tin- 
base babbitts more closely than other 
substitutes that have been proposed or 
used. 

The tin-conservation performance of 
silver in the solder field can be sum- 
marized in the statement that Wi per- 
cent of silver can replace 30 percent of 
tin. The favorite substitute solder today 
is one containing 97.5 percent lead and 
2.5 percent silver, which replaces lead- 
tin solders containing more than 30 
percent tin. The “substitute” solder, 
now that the technique of using it has 
been mastered, is developing a strong 



Steel solenoid housings ond sad- 
dles are cleaned ond fluxed, then 
assembled with a thin strip of silver 
brosing olloy between them. Heat 
is then oppUed. os shown, to melt 
the olloy ond complete the Joint 

preference in its own right among many 
users and may be the “standard” solder 
of commerce in years to come. 

The reasons for this are interesting. 
Although they must be applied at a 
higher temperature than standard 
solders (675 to 775 degrees, Fahrenheit, 
against 450 to 575 degrees) and require 
more active fluxes, the lead-silver 
solders can produce stronger joints than 
lead-tin solders and are no more costly. 
In the words of a recent War Metal- 
lurgy Committee report to WPB, 
“either at present pegged prices or at 
normal prices under ample supplies of 
tin and silver, the lead-silver solder 


is no more expensive in raw material 
cost than the 60-lead 40-tin solder 
previously used.” 

The major uses for solder in normal 
years were for dip-soldering automobile 
radiators, for electrical connections, and 
for soldering tin cans. In wartime the 
latter use emerged as one of the tough- 
est substitution nuts to crack, but the 
can-makers have been extremely co- 
operative. They are now employing 
the lead-silver solders even on their 
automatic soldering machinery that was 
designed for the standard solder*s 
lower application temperature and 
wider freezing range. (The lead-silver 
solders go from the liquid to the solid 
state quite rapidly, without a “pasty” 
period.) Some can-makers prefer the 
lead-silver solder on can bodies that 
have been made from the new elec- 
trolytic tinplate, because the side-seam 
strength is higher. This is significant, 
because the use of electrolytic plate is 
expected to surpass that of hot- dipped 
plate in the post-war period. 

The War Metallurgy Committee’s in- 
vestigations lead, finally, to the conclu- 
sion that the lead-silver solder for food 
cans involves no health hazard and is 
entirely safe even for evaporated milk, 
so widely used for infant feeding. 

Lead-silver solders containing V 4 per- 
cent copper have long been used in the 
electrical field, and solders with 4 to 5 
percent silver were and are standard 
for automotive radiator dip-soldering, 
in both cases because of their better 
strength at the elevated operating tem- 
peratures encountered. 

The war has brought a sharp increase 
in the use of silver in electrical con- 
tacts — those small metal parts that per- 
mit current to pass in a circuit when 
pressed together and whose separation 
leaves the circuit open. Contacts take 
the form of switch points, flat springs, 
nibs, screws, and so on. Some contacts 
are pure metals, some alloys, some bi- 
metallic strips (two layers of different 
metals) and some pressed from powder 
to yield a duplex structure. 

E ngineers are generally agreed that an 
ideal contact material would be one 
with the electrical conductivity, heat 
conductivity, low arc-resistance, re- 
sistance to oxidation and workability of 
silver, and the hardness and low mate- 
rial-transfer during arcing of tungsten. 
Approaches to this ideal are available 
in silver-tungsten contacts made by 
pressing and sintering mixtures of sil- 
ver powder and tungsten powder to 
give a finished structure in which the 
individual properties of the two metals 
are largely retained 
Similarly, silver- molybdenum con- 
tacts made by powder metallurgy are 
employed where the utmost resistance 
to oxidation is not required and where 
molybdenum’s aid in correcting the ten- 
dency of silver to evaporate at high 
currents can be utilized. 

Considerable attention has recently 
been paid to laminated or bi-metallic 
contacts, two-layer contact strips of 
silver on a copper backing or of sin- 
tered silver-nickel, silver-molybdenum 
or silver-tungsten on copper. 

Silver contacts of various types are 



Leak-proof Joints between steel shell 
bodies ond adapters are rapidly 
made by Inductlon-broslng with sll- 
rer alloy, using this heating set-up 

used in aircraft control devices, com- 
munications equipment and switches, 
circuit breakers, relays, and tempera- 
ture control systems for a variety of 
purposes. 

The phenomenal expansion in the use 
of silver brazing in the last decade, and 
particularly since war production be- 
gan on a large scale, has reflected a 
positive interest in this joining method 
as a faster, less-expensive means of 
fabrication and not as a substitute. Ac- 
cording to Handy and Harman, New 
York silver bullion dealers, since the 
start of the war tons of this material 
have been used where merely ounces 
were required in peacetime. Millions 
of silver-brazed joints are now being 
made every month. 

Silver-brazing alloys are basically 
alloys of silver, copper, and zinc that 
contain 10 to 50 percent silver and melt 
at temperatures as low as 1175 degrees, 
Fahrenheit. The brazed joints are made 
by bringing the parts to be joined 
closely together, with a rod, strip, disk, 
ring, or powder of the brazing alloy 
at the joint, then heating the joint area 
to slightly above the melting tempera- 
ture of the brazing alloy by torch, in- 
duction heating, incandescent carbon, 
or by passing through a furnace or dip- 
ping in a hot liquid bath, and cooling. 
Properly designed silver-brazed joints 
usually have the strength of the solid 
metal and give the added advantage of 
being made at low temperatures. This 
means either faster production or lower 
heating costs, or both, and often per- 
mits the brazing of parts or tools that 
cannot be heated to temperatures above 
1300 degrees, Fahrenheit, without de- 
stroying their useful properties. 

A modern airplane has over 400 sil- 
ver-alloy brazed parts, and every tor- 
pedo has several hundred brazed joints. 
A large ship contains over eight miles 
of piping that is joined with silver 
alloy rings. According to one authority 
the greatest single war use of silver 
brazing alloys is in the manufacture 
of bombs and shells. Sections of the 
20mm and 40mm guns, the water- 
jacket of the Bofors guns, and even 
parts for the latest bombsights are sil- 
ver-brazed. 

A vital contribution of silver braz- 
ing to war production is its wide use 
for repairing hardened high-speed steel 
tools, which are costly and time-con- 
sumxng to replace with new tools, but 
(Continued on page 182) 
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A nuNBS of the United States, though 
they have 3 delded much equip* 
ment to the Army, are today carrying 
more passengers, mail, and express 
than ever before in purely commercial 
operation. Growth of such operations 
has ceased for the time being because 
no new equipment is obtainable, but in 
the post*war period we may expect a 
tremendous increase in airline activities 


loaded to as high as 50 pounds per 
fpquare foot of wing area — a fantastic 
figure only a few years ago* 

Powerful engines have come, with 
single units delivering up to 3000 horse* 
power. The combination of high wing 
loading, higher power, and greater air* 
plane size has shown that a greater 
percentage of payload, and higher 
speeds, can be obtain^ than those 


Tomorrow’s Air Transport Pianos 

Thtr* An Nny Bauou Why Than Will ba Cnat hcnuaa ia AiiUM 
Acti?iUat Attar tha War. A Pravlaw it Givaa Han at tha Plaaa Typat 
WUcli, if Maw Appaars, Will Carry Pastaagars aad Carya ia Larpa Val- 
aaiat aad ia Safaiy aad Caailart al High Spaadt 


for very definite reasons: War aviation 
will have broken down all resistance 
to air travel; flight and ground person- 
nel will be available in large numbers; 
and war aviation equipment — planes 
and engines — ^will be convertible in im- 
portant numbers and at low prices to 
the uses of peace. 

It is time, therefore, for operators and 
engineers to speculate on the charac- 
teristics of the post-war transport air- 
plane. Timely utterances on the subject 
have been made by such distinguished 
men as Charles Froesch, Chief Engineer 
of Eastern Air Lines, speaking before 
the Society of Automotive Engineers; 
Jerome C. Hunsaker, Chairman of the 
National Advisory Committee for Aero- 
nautics; and W. W. Davies, of United 
Air Lines, delivering a paper before 


which were available before the war. 

Because the Army and Navy needed 
high-octane fuels in huge quantities, 
the oil industry has learned to produce 
these wonderful fuels on a mass pro- 
duction basis at relatively low cost. Be- 
cause military transport planes have at 
times to operate in rough and restricted 
terrain, the tricycle or nose-wheel land- 
ing gear has became an absolute neces- 
sity. Because the Army and Navy re- 
quires transportation of heavy engines, 
guns, even tanks, and every known 
variety of equipment to the farthest 
comers of the earth, we have learned 
that air cargo can be anything, that it 
can be loaded and unloaded quickly 
and secured in the cargo compartment 
against the most violent gusts and land- 
ings. Because the German army flew 


gliders into Crete, and the United Na- 
tions into Sicily, there is reason to be- 
lieve that tow^ gliders will be utUized 
to some degreq in post-war operations. 
Radar, submarine detection, innumer- 
able war uses of short-wave radio, have 
given us perfect means for guiding and 
landing aircraft no matter what dark- 
ness or fog may prevail. And, finally, 
the need for huge numbers of bombers 
has taught us how to build planes and 
engines on a scale and at a cost which 
would have been unbelievable just two 
or three years ago. 

All of the above are lessons of war 
transportation. There is no ultimate 
benefit from any war, but war-inspired 
research can hasten technological ad- 
vances. Thus Mr. Hunsaker, speaking 
at the opening of the Goodyear Research 
Laboratory, gave a picture of war re- 
search which will be as valuable to air 
transport as the more practical lessons 
of actual operation. The present trend 
is to use engine cylinders of no greater 
volume than those available today, 
where ratio of volume to surface is 
favorable to cooling. But war experi- 
mentation indicates that engines of 24 
or even 36 cylinders, and horsepowers 
of over 3000, are entirely practicable. 
Both in this coimtry and abroad the 
combustion gas turbine has been suc- 
cessfully used on land, and we are using 
a large number of exhaust-driven tur- 
bo-superchargers. It now appears that 
we have alloys which can withstand the 
excessive temperatures and high speed 
of the gas turbine. And, if the gas tur- 
bine for airplane use should come, it 
will remove many troubles inherent in 
the conventional engine such as cooling 
difficulties, detonation, vibration, and 
the like. The gas turbine may, however, 
have poor fuel economy. Propellers can 
scarcely be improved in efficiency, but, 
by using counter-rotating propellers, a 
way will be found to absorb the im- 
mense power of any engine. In aerody- 
namics, the laminar flow wing and the 
complete enclosure of the power plant 
will give better performance. These and 
other achievements of laboratory and 
experimental factory will coordinate 
with the advances made by actual ex- 
perience in giving us greaUy improved 
transport airplanes. 

Because stress is placed on advances 
to come, there is no reason to assume 
that our present equipment is faulty. 
On the contrary, we already have splen- 
did transport planes. The Douglas 
DC-3, almost universally used in com- 
mercial operation, is a magnificent ship, 
as thousands of travelers can testify, 
even if it is certain to be displaced by 



The CurtlM Cararcm, built olmoit enUrely of wood 


the American Society of Mechanical 
Engineers. 

Mr. Froesch perhaps gives the most 
vivid picture of what is being learned 
in current air-transport operations, 
particularly in those of a military char- 
acter. Because war brooks no denial, 
risks are taken and lessons are learned 
which peace would not have taught us 
for many years. Thus, under the drive 
of war, airplanes have been flown at 
gross weights far in excess of those for 
which they were certificated, yet for the 
most part without disaster. This has led 
to the conclusion that wings can be 
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DC-3 will yield its proud position and 
become a feeder airplane. TTiere will be 
planes exclusively devoted to cargo, of 
moderate speed; feeder line planes; 
huge, fast, passenger-carrying ships for 
non-stop operations of over 1000 miles. 
Announcements have appeared in the 
press of great six-engined giants of over 
200,000 pounds gross weight being built 
or to be built by Glenn Martin, Harry 
J. Kaiser, Higgins, and Howard Hughes. 
Tom Girdler, of Republic Steel, now 
associated with Consolidated, has stated 
that his engineers can build a 500-pas- 
senger plane that will fly at something 
like 400 miles an hour. 

In these columns is presented a table 
of the characteristics of airplanes to 
come, drawn from the paper by Mr. 
Davies; these are less ambitious than 
the giants just mentioned, but are more 


likely to be realized soon. From this 
table we can draw a number of inter- 
esting deductions. The biggest airplane 
for long-range domestic use should 
carry 100 passengers in day-time ser- 
vice, and be equipped with a total of 
12,000 horsepower. For shorter range 
a 75-passenger plane is likely to be 
soflicient. Both types will cruise at over 
260 miles an hour, and both will have 
very high wing loadings, with the ex- 
traordinary figure of 75 pounds per 
square foot for the larger craft. The 
ship listed as No. Ill will have a freight 
load of only 14,100 pounds, indicating 
that Mr. Davies, an experienced airline 
engineer, does not immediately expect 
huge cargo loads. But even type IV, the 
feeder line plane, will be bigger than 
the DC-3, a sign that transports will 
constantly grow larger. The small cargo 


AIRPLANES TO COME. AS PREDICTED BY W. W. DAVIES 

Airplane I 
Low-Wlng« 

Type Mono. 


better ships in the future. We have only 
to turn to the pages of our daily papers 
to see what the fotir-engined Douglas 
C-54 Skymaster and the twin-engined 
Curtiss C-46 Commando are doing so 
efficiently the world over. They are 
carrying troops, parachutists, techni- 
cians, jeeps, howitzers, supplies, am- 
bulances, engines, spare parts, to our 
Armies and are pointing the way to 
greater post-war mastery of passenger 
and cargo carrying by air. Space will 
not permit us to deal specifically with 
all the fine aircraft used in this service; 
we can only speak of two machines 
actually produced since the beginning 
of the War. 

One of these, the Curtiss (C-76) 
Caravan, flown for the first time more 
than a year after our entry into the 
War, is noteworthy for two reasons. It 
is a real air freighter and is built al- 
most entirely of wood and plywood. The 
Caravan has a wing spread of 108 feet, 
is 68 feet long, and is powered with two 
engines of 1200 horsepower each. It is 
a **high-wing” design, with the fusel- 
age floor near the ground, a level floor 
b^ause of the tricycle landing gear, and 
a loading door opening up at the very 
nose. Thus it embodies some of the basic 
elements of the cargo airplane which 
we shall see on many post-war craft. 
Its construction embodies molded ply- 
wood, laminates, and plain lumber. For 
the moment there is sought the saving 
of strategic materials and labor, but 
plywood and plastics may be here to 
stay in the airliners of tomorrow. 

The Caravan has relatively low wing 
loading, relatively low power for size, 
and only moderate speed, but it is a 
freighter. The other war-time achieve- 
ment to be considered is the Lockheed 
Constellation, which lies at the other 
end of the scale; it has heavy wing 
loading, tremendous power, and a speed 
considerably higher than that of any 
transport built to date. And the high 
speed is combined with long range and 
large carrying capacity. 

Exact specifications of the Constella- 
tion cannot be given, but here are some 
reasonably accurate and striking facts. 
The Constellation will cross the con- 
tinent, non-stop, in less than nine hours 
and fly to Honolulu in twelve. It can 
carry 55 passengers and a crew of nine, 
non-stop from Los Angeles to New 
York in record time. It is powered by 
four 2000-horsepower Wright Cyclone 
engines and can reach 16,500 feet with 
two engines dead. The cabin is super- 
charged so that an air density of 8000 
feet can be maintained while the plane 
is actually flying at 20,000 to 35,000 feet. 
The almost circular cross-section of the 
fuselage facilitates the pressurization. 
Three large vertical tail surfaces help 
to give control and stability. Again we 
see the tricycle landing gear. Built for 
TWA, the Constellation has been taken 
over by the Army because of its troop- 
and supply-carrying potentialities. 

Not only shall we have vastly im- 
proved transports in the future, but a 
greater variety of aircraft as well. 
There will be helicopters for ferrying 
to the airport and for other axixiliary 
services. Small planes will serve small 
communities, possibly with the aid of 
the cargo pi^-up system. The Douglas 


Takeoff Weight— <Lbt) 

126.500 

Landing Weight — (Lbs) 

110.000 

Weight Empty — (Lbs) 

78.770 

Useful Load/Qross Wgt. 

40% 

Wing Loading (Lbs/Sq. Ft) 

75.0 

Power Loading (Lbs/HP) 

10.5 

Number Engines 

4 

BHP/Eng.— Max.— (BHP) 

3000 

Cruise Speed— (MPH) 

286 

Range — Max. (Mi.) 

2500 

Span— (Ft) 

141 

Length — (Ft.) 

118 

Number Possengers 

Doy— Max, 

100 

Night— Max, 

56 

Moil or (^rgo— Max. (Lb) 

4500 

Type Gear 

Trt 

Cabin Supercb'g. 

Yes 


Airplone 11 
Low-Wing- 
Mono. 

Airplane 111 
High-Wing- 
Mono. 

Airplone IV 
High-Wing. 
Mono. 

80.000 

43.000 

32.500 

70.000 

40.000 

30.000 

46.405 

24.925 

19.050 

42% 

42% 

41% 

57.0 

32.3 

32.6 

9.3 

12.7 

13.0 

4 

2 

2 

2150 

1700 

1500 

260 

212 

210 

1200 

750 

1300 

118 

115 

100 

97 

73 

69 

75 

52 

None 

3000 

14.100 

10.410 

Trt 

Trt 

Trt 

Yes 

None 

Cockpit and 
some comport- 
ments 
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or combined cargo and passenger ships 
will be much slower, with cruising 
speeds of only 210 miles, and will have 
Ulster wing loadings bcNsause they will 
n^e use of smaller fields. For pas- 
senger ships, the low-wing position is 
the more attractive because the wing 
then gives most protection. For cargo 
planes the hif^-wing position may 
work out best because the fuselage is 
then near the groimd for loading and 
there are no wings to impede the ap- 
proach of motor trucks. 

Mr. Froesch also feels that a 50 to 60 
passenger capacity in domestic opera- 
tion is a practical limit. Beyond a cer- 
tain size, the utilization factor drops. 
Power plant installations, he thinks, 
will be self-contained and interchange- 
able. Landing gears will be simplified. 
Since friction brakes on the wheels will 
no longer be satisfactory on very large 
planes, aerodynamic braking will be 
achieved by reversing propellers. To 
avoid wear of tires, they will be pre- 
rotated before landing. Cockpits will be 
much better lighted, windshields niade 
proof against impact of birds. Fire pro- 
tection will be much better. Gas tanks 
will be built in. Pressurization of the 
cabin will be frequent. 

Immediately after the war we can ex- 
pect a transitional period of some un- 
certainty. While special transports will 
certainly be built, there will be a great 
temptation to utilize war equipment, 
with some disappointments in regard 
to accommodations and safety. Airlines 
will buy cargo planes but not accept 
cargo -carr 3 ring with complete convic- 
tion. But eventually the higher speeds 
and lower direct flying costs of the 
most modem equipment will fully jus- 
tify themselves, and the important post- 
war transport will bring to the airlines 
a vast amount of traffic — passenger, 
mail, and cargo — in quantities which it 
is difficult to overestimate. 

• ^ ^ 

k rLTOIfi BCEfiOLHOVSE 
Prtvigts SyttMtllc hslmctifa lor 
Koavy BoMbor Slaitals 

The war has done much to speed up 
the training of airplane pilots: The Link 
Trainer and other devices provide the 
sensation of flying and teach the stu- 
dent how to counteract the effects of 
gusts without leaving the ground; other 
devices teach him aerial gunnery and 
bring home the mistakes he makes in 
fictitious combats. These devices in- 
volve air-driven bellows to provide mo- 
tion; moving pictures to simulate the 
horizon, to portray the enemy, and to 
enable accuracy of fire to be studied. 

Another example of these modem in- 
struction methods now appears in the 
four-engined Boeing bomber, affection- 
ately known as Bessie, which has been 
arranged as a species of flying school - 
house. The craft is identical with the 
Flying Fortresses operating so success- 
fully in many parts of the world, ex- 
cept that its armament has been re- 
moved and its fixtures renovated to 
provide room for classes. 

A regular crew of instructors is in 
charge of the training program and the 


Schoolhouse flies to various centers. At 
these centers, advanced heavy bomber 
students receive systematic instruction. 
They learn how to secure the highest 
possible operating efficiency and maxi- 
mum tlight range, by co-ordinating a 
multiplicity of factors such as fuel mix- 
ture, air speed, turbo-supercharger 
pressure, engine speed, and altitude. 
The students ako learn how to act in 
difficult circumstances as when, for ex- 
ample, one or more of the engines is 
crippled in the course of a bombing 
mission. 

The flying classroom, organized by 
Boeing Aircraft, wa.s originated by 
Eddie Allen, the famous engineer and 
pilot who recently perished in a test 
flight, and is another reason why his 
memory is so revered in aviation 
circles. 

LATm-ANEBlCAM AIBWAYS 
Details of lha lacaal aad CaatiBimi 
Ilnifgla ara Availabla hi Baak Farm 

One of those rare men whose lives 
are devoted to public service without 
thought of financial or political ad-, 
vancement is William A. M. Burden, 
Special Aviation Assistant to the Secre- 
tary of Commerce. Fortunately for 
American aviation, it is in this field that 
lie Mr. Burden’s vocation and avoca- 
tion. To the writing of his recently 
published book, ’*The Struggle for Air- 
ways in Latin Americq,” he has brought 
well-rounded knowledge and broad ex- 
perience, which include the writing of 
a special report for the Coordinator of 
Inter-American Affairs. 

To most of us, aviation in South 
America means Pan-American Air- 
ways; we can scarcely imagine how 
powerful the Nazis had become in 
South American aviation, how closely 
they had come to dominating our Latin 
neighbors with a fifth column of the 
air. Between 1920 and 1939 the German 


and Italian interests, with strong gov- 
ernment backing, acquired control of 
10,000 miles of air routes in South 
America, and established strategic air- 
lines linking South America with 
Europe. 

At the opening of World War II, the 
Germans, in spite of the blockade, ex- 
panded their aviation efforts still more. 
Yet, in the space of one year, our Gov- 
ernment and our airways, acting in 
concert with the South American re- 
publics, succeeded in grounding every 
German and Italian plane. 

Mr. Burden begins his book with a 
fine chapter, geographic and economic, 
on Latin America, and then describes 
the period of development when our 
companies, Pan-American and Pan- 
American Grace, entered the field and 
fought their way ahead with postal 
revenues as their only governmental aid. 
By 1932 Pan American had established 
itself splendidly. The keenest period 
of rivalry came between 1935 and 1939 
when the German- owned Condor lines 
expanded to Argentina and Chile. The 
story of how the Axis efforts were 
counteracted, how their services gradu- 
ally disappeared, and how American 
airways replaced them, is told quietly 
and effectively. We can well feel re- 
lieved that the task was done well. 

But Mr. Burden does not limit his 
work to episodes. Statistics, charts, and 
economic analyses make his work 
scholarly as well as fascinating. Later 
he discusses potentialities of South 
America in the air, post-war policies 
in the air, and maintenance of friendly 
relations with our South American 
neighbors, as well as the sound develop- 
ment of our flying operations to the 
Southern Hemisphere, Possibilities of 
traffic and national and international 
legislation are well covered. The photo- 
graphs are fascinating and include such 
striking pictures as the catapulting of 
the Domier-Wal mail plane from the 
Wettfalen and flights over the Andes. 
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ERCnEEBIMG 

Conducted by EDWIN LAIRD CADY 


D baung with modem high-speed 
factories is a corps of dust-con- 
trolling technicians whose work grows 
in industrial importance every day, for 
dust particles, the tiniest enemies of 
factories, cause some of the biggest pro- 
duction troubles. 

The range of those troubles is amaz- 
ing: Fine instruments caused to give 
false readings, light or transparent 


plastics discolored, lubricants fouled, 
occupational diseases instigated and 
promoted, cylinder walls of Diesel en- 
gines and air compressors eroded or 
cracked, short circuits or fires cauced 
in electrical equipment, explosions 
propagated, and plant “housekeeping” 
expenses increased — to mention only a 
few dust troubles. 

Dusts may originate within a plant or 
come from outside. And of the two, the 
outside dusts are the harder to con- 
trol, for no one can predict what may 
be in them. 

The managers of one machine .shop 
found that workers in the office as well 
as the shop were suffering with head- 
aches, asthma, and allergic skin troubles 
Dust was one of the causes suspected, 
but the shop was producing no dust 
that could have such effects. Slides 
placed on the office walls over night 
were used a.s detectives to find out 
what went on. In the morning they were 
found coated with fine flour dust from 
a nearby cereal plant. Tlie culprit 
causing the illness was smut and grain 



Charging wItm and discharge plates 
ol on electroftotlc-type olr cleoner 


rust evacuated from the “cyclone” on 
the grain mill roof. Strange to say, the 
workers in the mill itself were pretty 
well protected, but the cyclone e^^aust 
going down wind was dangerous to a 
whole neighborhood. 

Fine dust travels farther than coarse 
dust; in a 10 mile per hour breeze, fly 
ash of five-microns size (a micron is 
one twenty-five thousandth of an inch) 


discharged from a stack 300 feet high 
can travel 276 miles before sinking to 
the ground, while a 60-micron size 
would travel two miles. The importance 
of this is that the finer the dust the 
greater the damage to human lungs, 
especially if the dust can cauce silicosb. 

First thought is given to doors and 
windows. It is impossible to seal these 
so tightly that dust could not get 
through. The answer is “plus pressure 
ventilation” — keeping the air pressure 
within the room slightly higher than 
that outside, so that any air leakage will 
be outward and will blow the dust 
away. 

Some dust will get in anyway, for 
wind pressure outside the walls can at 
times become greater than ventilation 
pressure within. Furthermore, the most 
efficient ventilating air cleaner known — 
the electrical “Precipitron” — will not 
take more than 95 percent of the finest 
particles out of the incoming ventila- 
tion air. Then as much as possible of 
the dust which escapes all precautions 
can be trapped by keeping walls and 
floors just tacky enough so that any 
dust which strikes them will stay on 
them. So little dust actually does get 
in that walb look freshly painted al- 
though unwashed for four years after 
last being decorated, but even this little 
can do damage; the very finest indus- 
trial equipment is kept in specially 
sealed rooms which still are far from 
completely dust proof. 

The Precipitron b the greatest boon 
ever given to the dust-control engineer. 
Before this device came on the market, 
water sprays were the best air clean- 
ers, but it is impossible to design a 
spray that will get all of the dust — even 
air bubbled up through clear water 
will contain dust within the bubbles. 
The Precipitron works on an electro- 
static principle. Air going through thb 
device flows past wires containing an 
electrical potential of about 12,000 volts. 
Dust particles of all sizes, from ex- 
tremely coarse to the finest that any 


magnifying glass can make vbibie, are 
given positive electrical charges, the 
charging taking about one hundreth of 
a second. The air then passes into a 
collector section containing plates which 
carry a negative charge of 5000 volts. 
Since opposite polarities attract, the 
dust particles are drawn into the field 
of these plates and out of the air. The 
cleaned air then passes on to its point 
of use. 

Not all dust control requires as thor- 
ough a job as the Precipitron will do. 
In a steel mill, for example, Precipitrons 
are used to clean the cooling air which 
is fed to large motors; for even a little 
dust in these machines could cause fires 
or do other expensive damage. But 
ordinary filtering or water spraying 
will do a good enough air-cleaning job 
for the plant in general. 

An ideal mill b plotted out into areas 
for dust control as carefully as for ma- 
terials handling or for fire control. 
Needs of each area vary on a scale by 
which dust concentrations are called 
hazardous, nuisance, tolerable, or free. 

Materials used for some polishing 
operations produce dusts which might 
cause silicosis. Following the formula 
commonly used in mines, any concen- 
tration of such dusts which adds up to 
over 5,000,000 particles per cubic foot 
of air is in the hazardous class and must 
be reduced. It is possible to take out 
more than 98 percent of the weight of 
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A ■hot-cleonlng machine U sealed 
dust tight and a cyclone removes 
the dust os lost os It Is produced 

dust in the air, and still have a count 
that b more than twice too high, since 
the removal of just a few heavy par- 
ticles will reduce the weight while 
leaving the count of fine particles al- 
most undbturbed. 

Talc polishing compounds can be al- 
lowed 10,000,000 particles per cubic foot 
of air without being hazardous, but the 
talc has a way of penetrating every- 
where, making “housekeeping” prob- 
lems hard. Therefore, any concentra- 
tion over the 10,000,000 figure is called 
“nubance” — the men hate to work in it 
anyway — and is reduced. 

Concentrations which are neither 
nuisance nor hazardous are within the 
tolerance threshold. But the company 
likes to go still further and readi the 
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point; this latter being subject 
to no exact definition but covered by 
the general description that any room 
is dust free when dusts do not make 
their presence felt if cleaning of the 
walls is neglected for a three*week 
period. 

First step in control of dusts orig- 
inating within the plant is like that 
which is common to all industry. It is 
to eliminate each dust at its 
source. And the first move is 
to collect the dust as fast as 
it is produced. 

Easiest way to collect dust at 
the source is to put shrouds, 
hoods, or complete enclos- 
ures over the dust producers 
and continually evacuate the 
dust through air suction. This 
often pays profits. The dust 
itself may contain valuable 
brass, copper, aluminum— even 
the nuisance fly ash from 
burning pulverized coal is 
valued as a fine polishing 
agent. Heat, too, is saved; the 
heat may be that originally put 
into the air by the plant heat- 
ing system, or may be pro- 
duced by the friction of grind- 
ing and other operations, but 
with outdoor weather averaging arotmd 
35 degrees and the indoor temperature 
65 degrees, from three to nine tons of 
coal can be saved per heating season 
for each 1000 cubic feet of air capacity 
of the system which picks up the dusty 
air, cleans, and recirculates it 

C ollecting the air at the dust source is, 
however, never completely effective, 
but every practical bit of ingenuity is 
used to increase this effectiveness. 
Nevertheless, there is a limit to the 
speed at which air can be permitted to 
enter the evacuator without the suction 
or draft becoming a nuisance in its own 
right, and that speed is not always high 
enough to keep the dust under control. 

Second step in control is to clean the 
air of the room itself. This calls for col- 
lection ducts, or similar means, leading 
the fouled air to water sprays, Precipit- 
rons, or other highly effective cleaners. 
Cleaning is accompanied by control of 
htunidity and temperature — cleanliness, 
humidity, and temperature being the 
three main points of air conditioning. 

With general air cleaning or air con- 
ditioning in use, the control of dust at 
its source is easier. The air evacuated 
at the machines is led through ducts to 
filters, or in some cases through settling 
chambers, cyclones, baffle type clean- 
ers, and other steps before the filters, 
and then recirculated in the room. 

Filters or high-efficiency cyclones, 
which will remove 98 percent of dusts 
by weight, are quite common. They 
leave the ^er particles still entrained 
in the air, and keeping these down is 
the function of the more effective clean- 
ers in the air-conditioning systems. 

Dust loads on air-conditioning sys- 
tems are kept down by isolating the 
worst dust-producing processes !n spe- 
cial buildings or rooms. Controlling the 
dusts from these rooms, and sometimes 
clarifying and saving them as valuable 
by^pr^ucts or as materials to be re- 


turned to the production line, almost 
always calls for sequences of dust-re- 
moving devices. 

First device in line may be a settling 
chamber. The effectiveness of such a 
chamber depends upon die sizes of the 
particles and their specific gravity. The 
larger the size and ^e higher the spe- 
cific gravity, the faster the particles 
will settle out of the air and the higher 


the velocity with which the air may be 
permitted to move through the cham- 
ber, or the shorter may be the distance 
the air travels in the chamber and con- 
sequently the less the floor space oc- 
cupied by the chamber. A common 
device is a chamber having a sealed 
collector trough at the bottom; at regu- 
lar intervals this trough seals itself off 
from the chamber so that no fouled air 
can escape through it, and automatic- 
ally discharges to a conveyor which 
returns the collected dusts to the pro- 
duction line. Operation of such a col- 
lector may be manual, but often is 
fully automatic, being controlled by a 
scale which weighs the collected dusts 
and actuates a switch which turns on 
the necessary motors when enough 
dust has been collected to be handled 
as a controlled unit of raw materials. 

Next in line after the collector cham- 
ber may be a low efficiency cyclone. 
This shares with the collector chamber 
the advantages of being extremely low 
in power costs for moving air through 
it, low in maintenance also, as the air 
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movement is too slow to cause the dusts 
to do much abrading of its parts, and 
high in ability to cool off hot dusts 
whether or not the heat units from 
them are conserved for plant or process 
temperature control. 

A baffle type cleaner may come after 
the low efficiency cyclone, or evexi take 
its place. In a baffle cleaner the air is 
caused to take abrupt changes of direc- 
tion. As the air whirls around 
the comers between the baffles, 
centrifugal force causes some 
dust particles to fly out; dead 
air pockets also form to let 
dust settle out Usually the 
dust is permitted to fall into 
collector sections, but in some 
cases the baffle surfaces are 
covered with oil or other 
tacky material which will hold 
dust that strikes them, and are 
washed and reoiled as often 
as necessary. 

The drop in air pressure be- 
tween the intake and the ex- 
haust sides of a baffle cleaner 
is an index of the amount of 
adhering dust which is block- 
ing the passages, and there- 
fore of the need to rap or 
clean the baffles. This drop is 
easily measured with a water column, 
the column being a U-shaped tube with 
one end open to the intake and the 
other to the exhaust and partly filled 
with water. The water will be pushed 
down at the side of higher pressure 
and will rise correspondingly at the 
lower pressure end, the amount of rise 
being an index of the pressure differ- 
ence — a principle very old in the meas- 
uring of stock drafts. 

The water column also is commonly 
used as an index of the need to clean a 
filter. Many types of filters use dust 
itself as part of the filter medium; the 
dirtier the glass fiber or cellulose bats, 
the finer the dusts which will fail to 
pass through them. Presuming a filter 
to be next in line after the cyclone or 
the baffle cleaner, good management 
may call for letting the air which 
reaches the filter be dusty enough so 
that the filter will retain its effective- 
ness over long time periods but not so 
dusty that the filter overloads. The 
dirtier the filter the greater the pres- 
sure drop of air passing through it The 
wateT column measures this drop and 
tells when the filter is not dirty enough 
to be at its best or is so dirty that if a 
dry type, the bags or bats must be re- 
placed; or, if a wet type, they must be 
cleaned and re-oiled. 

A water column also indicates when 
the bag type filter needs shaking or 
rapping, and can indicate the presence 
of tom bags. This type of filter often is 
built in sections with many cloth or 
asbestos bags per section — cotton bags 
usually being used for air temperatures 
up to 170 degrees, Fahrenheit, wool up 
to 220 degrees, Fahrenheit, and asbestos 
to 450 degrees, Fahrenheit. Individual 
sections can be shut off for dumping or 
rapping to clean the bags, the sections 
being ready for further service when 
cleaned. When dusts are to be returned 
to the production line, the bags often 
dump directly into conveyor sections 
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which are sealed so that the .dust in 
them can travel only to closed contain- 
ers or process equipment 

High**efficiency cyclones may be used 
immediately ahead of filters or, by tak- 
ing out over 95 percent of the weight 
of dusts, may do such a good job in their 
own right that no filters are necessary. 
They differ from low-efficiency cyclones 
in that they are smaller in diameter and 
the air in them whirls at much higher 
velocity, producing greater centrifugal 
force, and therefore they take out 
much more of the dust. High effi- 
ciency cyclones are likely to have fea- 
txires which add greatly to their ef- 
fectiveness while reducing maintenance 
costs. 

Last link in a chain of air cleaners 
may be a water spray or a Pre- 
clpitron, or both. The spray aids 
humidity control, the Precipitron 
does a more thorough cleaning job; se- 
lection is by conditions to be met. 

Important wrinkle in duct control is 
elimination of dust producing processes. . 
In one large foundry, the sand coated 
surfaces of castings had been cleaned 
by silica sand blasting, setting up 
a silicosis hazardous condition any 
time the sand blast machine leaked. 
Steel shot substituted for the blast 
sand greatly reduced the problem. 
A wet cleaning process eliminated the 
hazard that even the steel shot had 
left. 

With air conditioning so improved, 
portable air cleaners are being used to 
take care of casual or temporary prob- 
lems. The sand blasting of a masonry 


surface can set up short-lived but dan- 
gerous silicosis hazards. Removing of 
old paint, or welding of machine parts 
which had been painted, can create 
fumes and dusts containing dangeroiis 
quantities of lead and even of mer- 



A cyclone is Installed directly at 
these grinders to collect the dust 


cury. Production machines which can 
temporarily increase their dusts pro- 
duction need temporary amplification 
of the evacuation through their 
hoods. 

An enemy as elusive as dust needs 
auxiliary reinforcements as well as 
regularly established equipment for 
ideal control. 


•n TCNFEBATVU 

NssI hf CfBtrollfd Itr Hifhiil 

EilldMcy la Nachistry 

Modern bearings must have exactly 
the right quantities of lubricant at ex- 
actly the right pressures. Let the 
temperature of the oil in the lubricat- 
ing system ch^ge, and either the oil 
will become lower in viscosity, leading 
to more oil being fed at the same pres- 
sure, or the same amount of oil will be 
fed at lower pressxire, or if the viscosity 
becomes higher, then pressure will stay 
the same but less oil will be fed. In 
any case the shape and position of the 
oil wedge in the bearing will be 
changed, the ability of the oil to 
scavenge will vary, and the accuracy of 
the machine as well as the life of the 
bearing will be reduced. 

When cutting oils are controlled in 
temperature, parts on which they work 
are kept more accurate and in better 
alinement, which means more accurate 
production from the machine and longer 
life for the tools. Machines need 
shorter warm-up periods too, for the 
controlled temperature of the oil brings 
the work areas to imiform operating 
temperatures far more quickly than if 
the heat of operation had to warm up 
the oil to its ideal working temperature. 

In the cleaning of cutting oils, tem- 
perature control plays an Important 


part. Hot oils give up their foreign 
matter in centrifugal type cleaning 
equipment more readily than cool oils, 
but some types of foreign matter may 
settle out of cool oils better than hot. 
And oils need to be clean if they are 
to keep tools at their best. 

Heat is taken from oil by passing the 
oil through heat exchangers, sometimes 
by using large volumes of oil so the 
oil gets plently of time to cool between 
passes through the machines, and even 
by running it through mechanically 
refrigerated chambers. Often it is 
economical to flow the oil to a central 
point where both cleanliness and tem- 
perature can be fixed, but the practice 
of having oil temperature controlling 
refrigerators or other devices attached 
to individual machines is a growing one. 

HIED 01 EOT 
Etw Films EM •• 

OU ArfiMral 

ifTERENCES of methods in the machine 
shop are largely matters of philosophy, 
with endless arguments occurring be- 
tween engineers accordingly. And one 
of the moot points is whether to obtain 
fine finishes by machining slowly but 
nicely, or by hogging the stuff out and 
then grinding it smooth. 

Opinions on this point have bounced 
all over the machine-tool marts. But 
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the war has given one solid starting 
point with which to settle old argu- 
ments and start new ones. It is that 
when turning out 20mm anti-aircraft 
shells on automatic screw machines, 
grinding can be avoided if the feed is 
.002 inch per revolution but will be 
necessary if the feed is .004 inch per 
revolution, the cutting speed being 
about 120 surface feet per minute in 
both cases. 

This bit of knowledge still leaves the 
boys free to argue as to whether It is 
better to cut twice as much per revo- 
lution and then grind, or to get the 
whole job over with on one machine, 
but at least they can add some figures 
to their epithets. 

SPOT WEL0IE6 
Demaadg Clsaa Sarfasst for 
Oaifom Bosalls 

Spot welding of aluminum is an art 
which has grown up from its infancy 
during the war, but which will long 
survive the war; spot welding can pro- 
duce not only sound welds, but consist- 
ent ones as well in this “hard to weld” 
material. 

Any spot welding depends for suc- 
cess mainly upon uniformity of elec- 
trical resistance of the material to be 
welded, and the more difficult the 
welding the more the importance of this 
quality. Given uniformity of resist- 
ance, then such factors as the density 
of the current, the time period over 
which the current is applied, the pres- 
sure or mechanical shock used, the 
temperatures of the electrodes, and 
so on, all can be kept uniform for 
uniform results. 

Aluminum alloy sheets have varied 
resistance at the points where they 
are pressed together for welding, due 
largely to the presence of foreign ma- 
terials on their surfaces, or to the 
“chemical” surface effects of contamin- 
ants found in the air or in materials to 
which they have been exposed. One 
effect of this resistance can be to make 
the sheets weld more readily to the 
copper electrodes of the welding ma- 
chine than to each other. 

Cleaning the sheets to get uniformly 
resistant surfaces involves two prob- 
lems. The first is that of getting off 
the foreign matter or soil which may 
be clinging to them, and the second is 
to take off the surface layer of alumi- 
num oxide or other “chemical contami- 
nation” and expose the clean metal 
beneath. Thus a uniform resistance is 
obtained becatise contact is between 
uniformly clean parts. 

The foreign matter is removed by 
alkaline cleaners, by petroleum sol- 
vents, by vapor degreasing, or by com- 
binations of these methods, A thorough 
rinse follows; the surface must be 
“chemically clean” or show no break 
in the film of water clinging to it after 
immersion in water. 

Modem method of removing the 
aluminum oxide coating is to immerse 
the sheet in an acidic cleaner of about 
OA to 2.0 pH. The cleaners are spe- 
cially made, and are mixed with water 
in proportions of four to six ounces per 
gallon. 
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CUMISm n IMDOSTRT 

Conducted by JAMES M. CROWE 

V ITAL to the life of all living cells, 
protein is also basic to a number 
of man«made products, some new, some 
old, but all of importance to the indus- 
trial world. 

Protoplasm, the essential constituent 
of all plant and animal cells, consists 
mainly of water and the complex or- 
ganic compounds of nitrogen which 
are called proteins. Since it has been 


facture proteins are in themselves com- 
plex nitrogenous organic substances — 
again, proteins. 

In spite of the great importance and 
abundance of proteins in both plant 
and animal life, their chemistry is still 
largely obscure. One of the main diffi- 
culties in the field of research in pro- 
teins is the baffling complexity of Uieir 
molecular structures. Of all the types 
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shown that all protein is not chemically 
identical, however, the plural form of 
the word, proteins, is used to desig- 
nate the closely related but different 
essentials of plant and animal life 
From these same groups are now made 
such prosaic and utilitarian products 
as buttons and fabrics, glues and paints, 
and a host of others. 

In order to appreciate more fully 
some of the problems involved in the 
industrialization of proteins, it is need- 
ful to scan briefly what little — and it 
is little, indeed— has been uncovered 
by research into the fundamental na- 
ture of the proteins. 

Animal life is dependent either di- 
rectly or indirectly on plants for their 
supply of protein. Plants are able to 
synthesize or manufacture proteins 
from simple inorganic nitrogenous sub- 
stances or in some cases by the utiliza- 
tion of atmospheric nitrogen. Animal 
organisms are not able to do this and 
must receive the necessary protein pre- 
fabricated in the diet. This does not 
mean that synthesis of proteins is im- 
possible in animal bodies. Yet the com- 
pounds from which animals can manu- 
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of molecules found in nature, proteins 
are undoubtedly the most varied, com- 
plex, and largest. In fact, there has 
never so far been produced any spe- 
cific and detailed proof of the exact 
structure of any protein compound. 

In recent years there has been a re- 
vival of interest in the proteins. Their 
chemical nature has been vigorously 
attacked with new scientific tools, prin- 
cipally the X-ray, the ultra-centrifuge, 
and the electron microscope. Much 
progress has been made but there is 
still a long, long way to go. 

On the basis of present theories, 
speculation as to the molecular archi- 
tecture of proteins is fascinating but 
theories must still stand the test of ex- 
perimental evidence. 

For many years it was believed that 
the isolation of a protein in the chemi- 
cally pure state was nearly impossible. 
Recently, however, this situation has 
changed quite completely. The enzymes 
pepsin, trypsin, and urease, and the 
hormone, insulin, have all been isolated 
and appear to be proteins. One of the 
most recent and brightest chapters in 
this search for protein in its chemically 
pure state is the isolation of the virus 
of the tobacco mosaic disease. This viru» 
is described as a crystalline protein. 
The significance of this discovery lies 
not only in the great advance in the 
understanding of protein structures but 
in the fact that it connects proteins with 
such diseases as measles, yellow fever, 
the common cold, and several other 
diseases of both plants and animals. 

Although biochemical reactions rank 
highest in importance in the present- 
day field of protein chemistry, natural 
protein products have been used em- 
pirically for a long time without real- 
ization of the complexities of their 
chemistry. Foi* example, silk, wool, 
hair, and leather are all essentially pro- 
tein products. In the course of the years 
a great deal of practical knowledge was 
acquired about the processing and 
handling of these materials bv cut-and- 


try methods and by accidental discov- 
eries, without much insight into their 
structure or their chemistry. In more 
recent years protein products such as 
casein, gelatin, and albumen have been 
widely used in industry for paper coat- 
ing, adhesives, molded buttons and 
buckles, water paints, plywood and fur- 
nitiire glues, insecticide sprays, wax 
emulsions, leather dressings, films, plas- 
tics, textiles, photographic films, dupli- 
cation processes, and many other appli- 
cations. 

Outside of the naturally occuring 
protein fibers such as silk, wool, hair, 
and leather, probably no single pro- 
tein has been studied and utilized as 
extensively as casein, the principal pro- 
tein of the milk of all mammals. This 
might have been expected since this 
constituent of man’s earliest food is 
easily separated in a more or less pure 
state. In fact, there is mention that 
early Hebrew texts advised the women 
to save milk curds for a certain time 
of the year when an itinerant painter 
visited the villages and concocted a 
paint from the milk curds and natural 
colors to paint the peoples* dwellings. 
Undoubtedly this was the earliest ref- 
erence to oui' so-called cold water or 
casein paints. It is also said that the 
craftsmen of ancient China, Egypt, 
Rome, and Greece used casein glue in 
fine woodwork. Apparently the art was 



Four spinnerets producing Aralac 
fiber are concealed beneath the 
foomy moss In this spinning box 


carried along in a small way by Euro- 
pean wood-workers through the Middle 
Ages. 

In spite of the lack of exact chemical 
knowledge, the manufacture of casein 
was started as a real industry in 
Switzerland and Germany in the early 
1800s. Patents on casein sizes and glues 
began to appear in the United States 
about 1800, and casein was being used 
in increasing quantities for coating 
paper between 1880 and 1890. The need 
for a strong glue in the manufacture 
of military aircraft from wood in World 
War I aroused great interest in the 
manufacture of casein glues and led to 
a thriving industry, whose ramifications 
are now manifold. On one side we 
have the field of plastics and artificial 
textiles, and on the other those ap- 
plications more or less linked with the 
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desirable adhesive properties of casein. 

With the increased demand for casein 
protein in industry, the first crude 
manufacturing operations were im- 
proved to the point where we now have 
efficient modem processes, which pro- 
duce large tonnages of high-grade 
products. 

Most casein is obtained from skim 
milk by precipitation of a protein 
brought about by the direct addition of 
hydrochloric or sulfuric acid, or by 
self-souring as a result of formation 
of lactic acid by fermentation of the 
lactose in the milk. 

Another method employs rennet for 
the precipitation of casein. In either 
process, after the protein is precipitated 
the whey is removed and the casein 
is washed with water, grotmd and dried, 
and appears as a dry, white, sweet- 
smelling powder. 


T he acid-precipitated casein is usu- 
ally used for adhesive or coating ap- 
plications, while the rennet casein is 
preferred for the production of plastics. 

The use of casein in plastics can be 
traced back to the year 1897 when a 
printer in Hanover conceived the idea 
of producing a waterproof coating on 
cardboard. As a result of his collabora- 
tion with a chemist who was working 
on the problem of waterproofing casein, 
the formaldehyde -casein reaction, on 
which a great deal of the casein plas- 
tics industry is built, was discovered 
This reaction was soon used to produce 
solid plastic masses, and commercial 
production of casein plastics was 
started by the Golalith Company of 
Harbourg. This name, ‘^Golalith” which 
means “milk-stone” has since been used 
as a general term for casein plastics 
In spite of a good start, casein plas- 
tics have made slow progress in 
America. One of the main reasons for 
this is that they are hygroscopic; that 
is, they absorb water, and this in turn 
deforms them. Certain other qualities 
do, however, make casein plastics de- 
sirable for small products such as but- 
tons, buckles, beads, and other novel- 
ties, and thej' have enjoyed moderate 
success in filling these needs. 

One of the best features of casein 
plastics is their affinity for a wide range 



Finished fluffy Arolae flbsr rsady 
to bo proisod Into 450-pound halos 


of colors, affording various multi-color 
effects. Splendid pastel shades and 
streaked and mottled effects may be 
obtained that rival the beautiful natural 
effects of horn, jade, pearl, and so on. 

One of the newer uses of casein is in 
the manufacture of synthetic textile 
fibers. Before the war started it was 
reported that a casein fiber called Lani- 
tal was in commercial production in 
Italy. Since that time an American 
product called Aralac has been put on 
the market, and is said to have over- 
come the weakness and brittleness of 
earlier casein fibers. 

Another large field of protein chem- 
istry lies in the production of glues 
and gelatin from stockyard wastes. The 
material common to bone, tendons, 
and skin of animals has been found 
to be a protein called collagen. This 
is an insoluble substance consisting 
mostly of the white fibers of connective 
tissues. 

When this collagen is hydrolyzed, 
gelatin is obtained. Ordinarily, gelatin 
is a nearly odorless, transparent 
amorphous substance, which swells to 



Cotirteay "Modern PlMtlcs" 
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many times its original volume when 
immersed in water Various grades 
of gelatins and glues depend on the 
raw materials and processes .selected for 
manufacture. 

Gelatin is used to a great extent in 
the food industry, in ice cream, marsh- 
mallows, desserts, and so on. In indus- 
try it is u.sed as an adhesive, as a sizing 
for paper and textiles, in leather dress- 
ings, cold water paints, preparation of 
colloidal precipitates and emulsions, in 
matches, hectographs, printing, phai - 
macy, and photography. These are only 
a few of its applications to industrial 
processes. Yet the chemical structure 
of gelatin is still little understood. 

Widespread attention is currently be- 
ing paid to the soybean both as a farm 
product and as an industrial raw mate- 
rial. The soybean, while not definable 
as a protein, has a high protein content. 
Until the past few years the primary 
interest in the soybean was from a food 
standpoint, especially for animals and 
poultry. Also, the oil extracted from 
soybeans was soon found to have valu- 
able industrial applications, mainly in 
the paint and varnish industry and to 
some extent in the soap industry. The 
principal use was as a component in 
the manufacture of butter and lard sub- 
stitutes and as a salad oil. 

It was soon found, however, that the 
large quantities of meal left from the 
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Spinning soybeon protein fSbor 

solvent extraction of oil from soybeans 
could be considered an almost un- 
limited raw material for the produc- 
tion of soybean protein. If, for illus- 
tration, 10 percent of the 1941 crop of 
soybeans, estimated at 107 million 
bushels, was processed for protein, it 
would .supply about a quarter of a bil- 
lion pounds of protein. 

Soybean protein is a comparative 
new-comer to the industrial field of 
proteins It resembles casein more than 
any other protein and, in fact, in the 
early attempts to introduce it to indus- 
try it was called soybean casein, with 
the idea of trading on the good name 
of its already established brother pro- 
tein. Indications are that soybean pro- 
tein will find great use in many of the 
fields already pioneered by other com- 
mercial proteins. 

R esearch work is being carried on 
both by government and industrial 
laboratories on the structure of protein 
molecules, and on the possibility of 
substitution or modification of their or- 
ganic groups — possibilities which may 
lesult in appreciable changes both in 
physical and chemical properties. This 
work, which is being intensively di- 
rected toward a study of soybean pro- 
tein, is expected to make this crop an 
increasingly important raw-material 
source for industry; as this source de- 
velops, the farmer will profit corre- 
.spondingly. 

Another protein extracted from a 
farm crop in large quantities is zein, 
obtained from corn. This is a fine, 
slightly yellow powder, which has 
been under investigation for a number 
of years by the companies manufac- 
turing starcli, with the idea of pro- 
viding a raw material for plastics of the 
casein type. 

Zein has the advantage over casein 
that the formaldehyde used for curing 
it can be incorporated directly into the 
plastic before forming, thus eliminating 
the lengthy step of curing in a for- 
maldehyde bath which is necessary 
with a more highly reactive protein 
such as casein. The zein plastic is tough 
and has a transverse strength of about 
15,000 pounds per square inch. 

With zein, water resistance, which is 
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the weak point in many applications of 
casein pieties, Is said to be better. 
Hie largest industrial use of zein, how^ 
ever, appears to be lor coating papers, 
where it improves appearance and pro-> 
vides protection for the surface. Zein 
is outstanding in its resistance to pene* 
tration by greases or oils, and therefore 
may have a large potential use for mak- 
ing food containers and wrappings, 
where this property is of importance. 

Within the past few months a new 
Held for the production of proteins has 
opened up with the annoimcement of 
the Balls-Tucker processes for obtain- 
ing alcohol from wheat. In this process 
the protein is obtained as a by-product 
in a very pure state, and some observers 
say that the by-product protein may 
become more important than the pro- 
duction of alcohol. This would be a case 
of a new industrial tail wagging the 
alcoholic dog. Several food manufac- 
turers, notably soup and bread makers, 
are considering the use of such pro- 
teins to fortify their products and round 
out their nutritive value. 

Many of these recent developments 
in the production and commercial use of 
the newer proteins coincide with in- 
creased interest and research activity 
in the fundamental chemical nature of 
proteins. The work of all groups, in- 
cluding the significant discoveries of the 
biochemists, indicates a trend of ac- 
celerated progress into the secrets of 
one of nature’s greatest and so-far 
darkest storehouses — one which is like- 
ly ultimately to yield new industrial 
fortunes. 

^ 9 


riOID CATALYSIS 
Operates ea a Priaciple 
el Indastrial Impertaase 

The fluid catalytic process which is 
now being employed to boost the sup- 
ply of high-octane aviation gasoline 
represents a new chemical engineering 
technique which it is predicted will 
have many industrial applications not 
only in catalytic operations but also in 
many other non-catalytic processes out- 
side the petroleum field. 

The important operating advantage 
of the fluid catalytic process is its com- 
plete freedom from mechanical means 
for moving the catalyst or changing the 
flow of the cracking or regenerating 
streams. 

The way in which this is accom- 
plished is novel and noteworthy. The 
catalyst is used in a finely pulverized 
form, almost like talcum powder. This 
eliminates the requirement of forming 
the catalyst into lumps which can with- 
stand, without deterioration, the alter- 
nating temperatures of the fixed bed 
type of operation as well as the abrasion 
of high*velocity gases. Special types 
of catalysts are thus available which 
oihex^atim would be impractical because 
of physical limitations. 

•Ae finely divided catalyst is not 
actually a “fluid.” It is a powder main- 
tained in a fluid, turbulent state, by 
passing through it at all times a cer- 


tain minimum percentage of some 
vapor which may be either air, inert 
gas, steam, or petroleum vapor. Hie 
consistency of the catalyst thus handled 
might be compared to the sand just 
at the water’s edge at the seashore 
which flows readily when supported 
in part by the water. 

It is a remarkable fact that a prop- 
erly pulverized solid mixed with even 
a small amount of such vapors attains 
an extraordinary degree of fluidity 
and can be handled exactly as if it were 
in fact a fluid. Thus in the fluid catalyst 
cracking plants the catalyst is circu- 
lated in a manner analogous to an airlift 
used to pump water out of a well, and 
the means used for this circulation is 
the petroleum vapor being cracked or 
the air used for regeneration or re- 
moval of coke from the catalyst 

Of particular significance is the fact 
that the fluid catalytic cracking process 
makes possible the use of types of 
catalysts and operating temperatures 
which would not be possible with other 
catalytic cracking processes. This per- 
mits greater control over the products 
produced in the cracking operation. 
These units can, therefore, be converted 
to work much more effectively in the 
production of materials from a given 
amount or type of crude available. 

TAITIATES 

BtesVsrsi itnm Wiat fait 
by Wtw Aasrieaa Prestss 

A YOUNG chemist in New York State’s 
grape-growing Finger Lakes region has 
developed a new process that may help 
to ease the current difficult situation 
in the supply of tartaric acid and tar- 
trates which are vitally needed in 
medicine, food, and industry. Two of 
these products are widely known as 
Rochelle salt and tartar emetic. 

Consumers and suppliers of tartrates 
have been on tenterhooks ever since 
the war began, when supplies of these 
materials were cut off from the great 
wine-producing sections of France and 
Italy. Tartrates and wine go together, 
because the raw materials for the pro- 
duction of tartrates are formed on the 
sides and bottoms of vats and casks 
used in making wine. The crystalline 
crusts which form on the sides of the 
vats are known as argols and contain 
from 50 to 80 percent of potassium acid 
tartrate and 6 to 12 percent of calcium 
tartrate. The sediment in the bottom 
is known as wine lees and contains 
20 to 35 percent of potassium acid tar- 
trate and anywhere up to 20 percent of 
calcium tartrate. 

Some refined tartrates ere now com- 
ing in from Spain and Argentina, but 
not in sufficient quantities to ease the 
tight situation. The supply probably 
could be helped by relaxation of gov- 
ernment import regulations which 
make the importation of argols and 
wine lees impossible. 

Wineries all over the United States 
have therefore been striving to relieve 
the strain by recovering ^eir argols 
and wine lees, a process which in ordi- 
nary times would not be economical. 
One of the obstacles encountered was 


the obstinacy with which the argols 
clung to the sides of the vats and casks. 
It often required one man four days 
with hammer and chisel and sometimes 
an electric drill to remove the deposits 
from one vat. 

To speed up this recovery, a young 
chemist named Ralph Celmer, working 
with the Taylor Wine Company, de- 
veloped a process for removing wine- 
stone which will do the job In four 
hours instead of four days. In his 
method the casks are filled with a one- 
half percent solution of sodium hydrox- 
ide, or caustic soda, at a temperature 
above 100 degrees, Fahrenheit. This so- 
lution removes the winestone, which is 
subsequently recovered and refined in 
further operations. In one case the 
winestone was removed from a 7000 
gallon tank in four hours, representing 
a saving of about 92 man-hours. 

Celmer, for his work, has been com- 
plimented by the War Production 
Board, and his process has been made 
available to other companies in the wine 
industry. 

"WET4TBZNCTH” PAFEB 
Bsw CsBuatrelally Practical 
far Maay Parytsas 

A SHORT time ago it became necessary 
to ship potatoes to market in paper 
bags because of the need for conserv- 
ing burlap and other packaging mate- 
rials. When some of the farmers first 
heard of this idea they were skeptical 
and quite sure it wouldn’t work. But 
they hadn’t yet heard about “wet- 
strength” papers, whose commercial 
development and application had been 
accelerated by the use of a new process 
and the pressing demands of war. 

The new bags soon demonstrated 
their worth. The result is that “wet- 
strength” papers are now being used 
not only for shipping vegetables whose 
moisture would cause bursting of ordi- 
nary paper, but also for wrapping 
meats and frozen foods and a number 
of other commodities for overseas ship- 
ment; for camouflage strips and net- 
tings; for printing books and pamphlets 
used by the armed forces and subject 
to wetting in the field; and for maps, 
charts, and blueprint papers. It is even 
possible to make paper towels which 
can be used, rinsed, dried, and used 
again. 

One of the latest processes in this 
development of paper having a high 
strength when wet consists of incor- 
porating an acid solution of a synthetic 
resin, known as melamine, with the 
paper pulp in the beater before the 
sheet is made. The treated pulp is made 
into a sheet in the customary manner 
on regular paper-making machines 
without modification of either the 
machine or the method of operation. 
The colloidal resin particles^ which 
have a positive electrical charge, at- 
tach themselves to the negatively 
charged cellulose fibers of the paper 
and form such a close bond that they 
cannot be washed free. It is this hold 
on the fibers that subsequently gives 
the paper its high strength and re- 
sistance to rubbing when wet 
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rraDAIIEMTAL SCIENCE 

Conducted by ALBERT G. IN&ALLS 


T bs plastics industry as it is known 
today is considered to have started 
with the invention of Celluloid in 1869 
by John Wesley Hyatt, an enterprising 
printer, who in later years also 
achieved roller-bearing fame. Cellu- 
loid, which is still being manufactured 
essentially as Hyatt developed it, is 
looked upon as the world’s first syn- 
thetic organic plastic. In its develop- 


Plastics’ Parade 


ment by the Celluloid Company, organ- 
ized in 1872 in New Jersey, it began 
almost immediately to play an important 
role in the drama of industrial progress. 
Applications multiplied, from the popu- 
lar collars and cuffs (kept constantly 
fresh by a damp cloth) to calendars, 
buttons, piano keys, knife blades, dice, 
dominoes, and dental plates. Over 25,- 
000 uses have been found for Celluloid 

Remarkable as this growth has been, 
the significance of the Celluloid inven- 
tion has been much more far-reaching 
in scope, because of the immense stimu- 
lus it provided for research leading to 
improvements, particularly in studies to 
overcome the drawback of high flam- 
mability. Numerous attempts were 
made to retard the burning of Cellu- 
loid by the incorporation of fire-re- 
tarding agents which liberated water 
and smothering gases when heated. 
These, however, while effective for the 
purpose intended, introduced other un- 
desirable properties. 

The development many years ago, by 
the Celluloid Company, of the plasti- 
cizer tricresyl phosphate, now widely 
known in the trade as Lindol, marked 
another milestone of far-reaching im- 
portance. This non-flammable, odorless, 
colorless liquid of high boiling point 
and extremely low volatility found not 
only a use as a plasticizer in plastics 
and lacquers, but years later found ex- 
tensive application as a valuable ad- 
ditive in extreme pressure lubricants 
and as an air-conditioning medium. 
More recently it has been in much de- 
mand in synthetic-rubber insulations 
and coatings, a field in which the war 
department is expediting full capacity 
pr^ucUon. In the last war, triphenyl 
phosphate, a homolog of tricresyl phos- 
phate, foimd extensive use in the coat- 
ing of airplane fabric wings to render 


them taut, waterproof, and flameproof. 

Thus it is seen how invaluable have 
been the outgrowths of Celluloid, not 
to mention the discovery of amyl ace- 
tate in 1882 by John Henry Stevens, 
a co-worker of Hyatt, a discovery 
which paved the way for the modem 
lacquer industry. Celluloid research is 
also credited with the establishment of 
the highly important synthetic cam- 


phor industry in the United States. 

The successful development of Cellu- 
loid also made possible the motion pic- 
ture industry. In Newark, New Jersey, 
the Reverend Hannibal Goodwin was 
handicapped by the continual breaking 
of the glass stereopticon slides used to 
illustrate and popularize his religious 
lectures. He was aware of the develop- 
ment, at about 1890, by the Celluloid 
Company, of a continuous, clear flexi- 
ble film He conceived the idea of sub- 
stituting this unbreakable base for the 
fragile glass. Like Hyatt he went to 
work in his attic and, despite the an- 
noying disturbances of occasional ex- 
plosions, he finally succeeded in mak- 
ing and patenting a process of utilizing 
a spool of film for photographic pur- 
poses — the forerunner of the perfected 


Grommets, washers, end other forms 
for ttso on olrploass aro cut or 
shaped from tronsporsnt plostict 
which ore noncorroslvs. light In 
weight, and water- and grooso-proof 


motion picture film of the present. 

The flammability of Celluloid 
stimulated research abroad. In 1890, 
Dr. Adolph Spittler, a teacher in Ham- 
burg, Germany, tried to make a * Vhite” 
blackboard substitute. He added acid 
to milk and then treated the coagu- 
lated mass with formaldehyde to harden 
it. This marked the discovery of casein 
plastics, although their manufacture 
did not begin until 1900, and the com- 
mercial development of the industry 
did not get under way in this country 
until 1919 when applications were 
found for buttons, buckles, and novel- 
ties. Casein, a protein substance from 
the animal kingdom, inspired research 
years later in vegetable protein prod- 
ucts, such as soya bean, from which 
plastics can also be made. 

In 1909 Dr. Leo Baekeland, a Belgian 
chemist, was looking for a substi- 
tute for the expensive shellac used in 
making varnishes and insulating mate- 
rials. He succeeded in obtaining a hard 
substance by heating carbolic acid or 
phenol with a solution of formaldehyde 
gas in water. Phenol is a by-product of 
coal tar but it can be synthesized from 
benzene, CJie. Formaldehyde, having 
the formula H»CO, is synthesized from 
two other well-known gases, carbon 
monoxide and hydrogen. The new plas- 
tic was called Bakelite in honor of its 
inventor. 

Unlike Celluloid, Bakelite is repre- 
sentative of the “thermosetting” type 
of plastic. It undergoes a chemical 
change when sufficient heat is applied, 
as in molding, and the final product is 
no longer fusible, but hard and set like 
cement; whereas Celluloid can be soft- 
ened and remolded like wax or butter 
without suffering any chemical change. 
For this reason Celluloid is termed a 
true “thermoplastic” substance. 

B akelite soon found application in 
the electrical field as an insulating 
material, but since then the uses have 
been multiplied a thousand fold. Other 
tar acids besides phenol, such as the 
cresylic acids, are used in making 
Bakelite today. Other aldehydes, such 
as furfural, have also yielded success- 
ful commercial products. 

Some of the drawbacks of the Bake- 
lite resin have been overcome with the 
development of cast phenolics in 1928, 
of which Catalin is an example. This 
resin is prepared in the form of a vis- 
cous syrup which is poured or “cast” 
into lead or rubber molds and hardened 
by heating. 

Along with the hot molded phenolic 
plastics in 1909, a third plastic material, 
known as the cold-molded or bitumen 
type of plastic, appeared. The raw ma- 
terials used here are asbestos, asphalts, 
coal tar, resins, oils, and so on. While 
considerable industrial importance was 
claimed during the first 15 years or so, 
competing with Bakelite, the produc- 
tion of cold-molded products has fallen 
off considerably because of the com- 
mercial appearance of other materials. 

Shellac molding compositions were 
extensively exploited during the begin- 
ning of the century, particularly for 
making phonograph records. Toda*' 
shellac of insect origin is restrict 
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The Family 


GROUP 

NAMES 

OUTSTANDING 

CHARACTERISTICS 

TYPICAL USES 

CELLULOSE OEMtVATtVES 



Cellulose 

Nitrate 

Celluloid. PnoUa. 
Nixonoid. Nitron 

Thermoplaeticity, unlimi- 
ted color range, ease oi 
fobrlcatioa, eementobili* 
ty, toughneee, water re- 
sistance, flexibility, flom- 
mability. 

Honuaer heads, bag 
frames, fountain peas, 
index forms, piano keys, 
brushes, buckles, noTel- 
ties emd toys, shoe lace 
tips, spectacle frames, 
toilet seats, tool and cut- 
lery hcmdles, wood heel 
covers, pipe line wrap- 
pings, films and lac- 
quers, mathematical in- 
struments, tooth brush 
hondles. 

Cellulose 

Acetate 

Lumarith, Plaeta- 
cele. Tenite 1, FI- 
beetoe, Nixonite 

Thermoplaeticity (iniec- 
tion, compression and ex- 
trusion molded), unlimi- 
ted color rcmge, eose oi 
fabrication, eementobili- 
ty, high impact strength 
of molded objects, flex- 
ibility. slow burning. 

Photographic films, pack- 
oging materioL tronspor- 
ent rigid coatoiaers. air- 
plane cockpit enclosures, 
automobile accessories, 
extruded strips, combs 
and toilet orflcles, elec- 
trical applionces and In- 
sulation, lamp shades, 
telephone bases, spec- 
tacle frames, hmrdware, 
watch crystals, fountain 
pens, gas-mask leases, 
pressure-sensitive tape 
backing, nameplates, 

dopes and lacquers. 

Cellulose 

Acetate Buty- 
rate 

Tenite 11 

Thermoplasticity, compa- 
tibility with many ploeti- 
eixere and resins, low 
water absorption. 

Automobile accessories, 
fishermen's equipment, 
spray nozzles, grower 
heads, gun stocks, gas 
mask ports, shoes. 

Ethyl Cellulose 

Etbocel, Lumarith 
ethyl celluloee, 

Herculee ethyl 

celluloee, Nixon 
ethyl celluloee 

Thermoplaeticity, compa- 
tibility with resins and 
plasticizers. flexibility 

and toughness at low 
temperatures, low flam- 
mability, water and al- 
kali resistonce, ease of 
fabrication. 

Rubber-hke articles, ad- 
hesives, coble ond wire 
cootings, hot melt com- 
positions, electrical in- 
sulation. trim moldings, 
ice troys and hose nos- 
sles. 

PHENOLtCS 

Molded phenol* 
lonnaldehyde 

reeine 

Bakelite, Durez. 
Hereeite, Durite. 
ladur, Malcalot. 
Reeinox, Textolite 

Thermosetting, chemical 
inertness, heat resis- 
tance. woter resistance, 
dimensional stobility, 

limited color range. 

Automobile and airplane 
parts, camera cases, clo- 
sures, electrical insula- 
tion, handles, helmets, 
plywood laminations, 

housings. telephone 

equipment, shell caps 
and plugs, ommunition 
fuses, pumps, geors. 
paneling, abrasive disks. 

Cait phenolic 

reeine 

Catalin, Marbl- 

ette, Opolon, Pry- 
etal 

Colorability, machinabili- 
ty, non-flammability, rigi- 
dity. 

Costume Jewelry, clock 
cases, radio housings, 
laminating varnishes, 

signs, kitchen utensils 
and handles, drawer 
pulls, instrument dials. 


its use in comparison with the broader 
applications of synthetic resins. 

Thus, up to 1925, five basic plastics 
had been developed; namely, Celluloid, 
Celiac, cold-molded plastics, Bakelite, 
and casein plastics. Since 1925, the 
growth has been most remarkable. A 
new plastic appears almost yearly. 

The first revolutionary change of this 
later-day growth came in 1927 with 
the appearance of Lumarith. Years 
earlier, Dr. Camille Dreyfus had de- 
veloped the use of cellulose acetate 
non-flammable airplane fabric dopes, 
which contributed in a major way to 
the Allied victory in World War I. 
This cellulose ester is made by treat- 
ing cotton linters with acetic acid, 
acetic anhydride, and a catalyst. Its 
use as a base for non-flanunable film 
had been worked out in 1909, but the 
utilization in plastics had to await a 
more economical manufacturing process 
for making the material. 

A nother factor that contributed in a 
great measure to the success of 
cellulose acetate was the so-called in- 
jection molding process. In this method 
the cellulose acetate molding material 
is introduced into a heated cylinder 
and, when sufficiently heat-softened, it 
is forced by high pressure through a 
narrow orifice directly into a chilled 
mold or die. In a few seconds the die 
is opened and a number of the molded 
articles, such as combs, completely fin- 
ished, are ejected. This combination of 
Lumarith and injection molding made 
possible many of the most spectacular 
results of modern plastics applications, 
since it meant rapid, economical cycle 
molding. 

Before the advent of molding powder, 
cellulose acetate plastics had appeared 
in the form of sheets, rods, and tubes, 
as well as film manufactured accord- 
ing to the well-established Celluloid 
methods. Since that time great im- 
provements have been made in simpli- 
fying the processing made possible by 
the greater stability of cellulose ace- 
tate under heat and its easy weldability 
compared with Celluloid. 

Extrusion molding, in which the 



Qlastag moterlcd which may be In- 
stalled with a hammer Is eompesed 
el a shatter-prool plastic and wire. 
It Is also used where possibility of 
explosion makes gloss dangerous 


molten material is extruded in con- 
tinuous lengths through a die opening, 
is also finding today extensive applica- 
tion for the manufacture of rods, tubes, 
strips in definite profiles. 

In 1930 a transparent packaging ma- 
terial appeared on the market. The 
first of the rigid transparent materials, 
it revolutionized packaging in the 
thirties. This was followed by cellulose 
acetate foil for wrapping purposes. 

Besides cellulose acetate plastics, 
there appeared at about the same time 
the urea- formaldehyde plastics of 
which Beetleware is an example. This 
is another thermosetting plastic in 
which urea in place of phenol is re- 
acted with formaldehyde. Urea is a 
compoimd of carbon, hydrbgen, oxygen, 
and nitrogen and has the chemical 
formula OC (NH 2 ) 2 . It can be made 
synthetically ^m carbon dioxide and 
ammonia, which in turn is produced 
from the nitrogen of the air. 

The development of lurea plastics per- 
mitted unlimited color possibilities in 
the thermosetting type of plastic. The 
melamine plastics are outgrowths of the 


development of various urea products. 

In the thirties the vinyl ester resins 
also began to make their appearance 
under the trade name of Vinylite. 
Ethylene gas has the formula CH 2 : CH 2 . 
It is known as an unsaturated organic 
compound and is derived from petrole- 
um. If one hydrogen atom is removed, 
the residue, CHo: CH — , is known as the 
vinyl group. If this is joined to a 
chlorine atom the resulting compound 
is vinyl chloride. If the other hydrogen 
atom is removed and also replaced by 
another chlorine, the product is known 
as vinylidene chloride. If the vinyl 
group is attached to an “acetate** radi- 
cal, the compound becomes vinyl ace- 
tate. 

All these vinyl esters, of which there 
are a great number, exhibit the prop- 
erty of polymerization. In this the 
molecules of the same compound com- 
bine with each other to form complex, 
long-chain structures. 

The polyvinyl esters, such as vinyl 
acetate and vinyl chloride, had been 
known many years before, but their 
commercial development was slow. 
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of Plastics 


UREAS 



Beetle. Plaskon. 
Uformite. Bokelite 
ureo. 

Unlimited pastel colors, 
absence of odor and 
toste. thermosetting, 

hardness, electrical in- 
sulation. light diffusion. 

Closures, buttons, electri- 
cal insulation, tableware, 
plywood and veneer 
bonds, housings, baking 
enamels. 

riNVLS 




Polyriarl Acs- 
lats 

Gelva, Vinylite A 

Clarity. adhesiveness, 

absence of odor and 
taste. thermoplasticity. 
Colorability. 

Adhesives, inks, molded 
articles, cootings. 

Polyylnyl Chlor* 
ids 

Xoroieol. Vinylite 

Q 

Chemical resistance, 

water resistance, absence 
of odor and taste, tough- 
ness. 

Cable coverings, coated 
fobrics. tank linings, 
gaskets. 

Vinylidyny 

Chloride 

Soran. Volon 

T%ie<rmoplostioity. high 
tensile strength, absence 
of odor ond taste, non- 
flammability. resistance 
to water and chemicals, 
ease of machining. 

Woven and braided fab- 
rics, house screens, pump 
parts, pips lines, coup- 
lings, gaskets, valves, 
battery cases. 

Polyvinyl ace- 
tote-chloride 
copolymer 

Vinylite V 

Chemical resistance, col- 
orability. thermoplasti- 
city. absence of odor and 
toste. toughness, water 
resistance. 

Cootings, films, sound 
records, storage batter- 
ies. wall board coatings, 
laminations, shoe parts, 
suspenders and l^lts. 

Polyvinyl buty- 
ral 

Butocite. Butvor. 
Sailex. Vinylite X 
(butyrol) 

Adhesiveness, moisture 
resistance, toughness at 
winter and summer tem- 
peratures. transparency. 

Sheet platic for sofety 
glass, army raincoat lin- 
ings (substitute for rub- 
ber). bonding resin, flex- 
ble molded ond extru- 
ded articles, self-seoling 
fuel tanks, gos-imper- 
meable fabrics. 

STYRElSk 

Styron, Luiitron. 
Loalin. Bakelite 

polystyrene 

Thermoplasticity, colora- 
bility. lightness, absence 
of odor and taste, woter 
and chemical resistance, 
electrical qualities, in- 
lection and extrusion 
molding. low specific 
gravity. 

Bottle closures. radio 
parts, refrigerator parts, 
dishes, transparent outo- 
motive accessories, edge- 
lighted instruments, co- 
axial cable insulation, 
battery boxes, electrical 
products. 

ALHYUi S 

Methyl Metha- 
crylate 

CASEIN 

Lucite. Crystallite. 
Plexiglas 

Colorability. edge-light- 
ing effect, dimensional 
stobility. rigidity, trans- 
parency. woter resis- 
tance. 

Aircroft and marine en- 
closures. dentures, dress- 
er sets and tableware, 
displays, signs, reflec- 
tors for highway light- 
ing. 


Ameroid. Galorn 

Colorability, machinobili- 
ty, non-flounmabllty, hy- 
groscoplcity. 

Buttons, buckles, game 
novelties. 


In th« ahovm autlin« orr not imludrd tome of th^ gynthotic roging ugmd for protertlvm coatingg, 
known at thm alkydtt nor thm nummrout type* of tynthetlc rubbort, tuck at Buna, butyl, Neoprmnt, 
Thlokol, Vlttanax, and to on. 


Copolymerization of two or more 
polymerizable substances, such as vinyl 
chloride and vinyl acetate, has led to 
useful products, such as Vinylite. If a 
part of the acetate radical is hydrolyzed 
and the resultant product is treated 
with an aldehyde, the so-called poly- 
vinyl acetals are obtained. When butyric 
aldehyde is used, for example, the prod- 
uct is known as Butvar or Butacite, 
which find extensive application in 
laminated glass and recently as a 
coating for Army raincoats in place of 
rubber. 

Another vinyl resin, which appeared 
in 1930 as an opaque molding powder, is 
styrene, or vinyl benzene. In this, one 
of the hydrogen atoms of the benzene 
ring is replaced by a vinyl radical. This 
product is a crystal-clear thermoplastic 
with density approaching that of water 

Akin to the vinyls are the acrylic 
resins, which are forms of vinyl com- 
pounds first investigated in Germany in 
1901 by Dr. Otto Rohm and prepared 
industrially in 1931 in this country. 
Polymerized methyl methacrylate^ such 
as Plexiglass and Lucite, is a product 


of rather recent origin, although this 
plastic had been produced commer- 
cially in Europe before its appearance 
in America about seven years ago. The 
resin has found application in “plastic 
noses” of bombers, cockpit enclosures, 
and so on. 

Nylon is a rather late addition to the 
family of thermoplastics. It is made 
from adipic acid and hexamethylene 
diamine, both obtained by complex 
chemical synthesis from coal tar. It 
has become familiar to us chiefly as 
a textile material (stockings, bristles, 
fishing leaders, and so on) but not 
much specific information is available 
as to its potentialities in plastcs. 

While concentrated studies have been 
going on in the synthetic resin field, 
research in the cellulosic field has also 
continued at an accelerated pace, and 
so we have the mixed cellulose esters, 
such as cellulose acetate butyrate, de- 
veloped in the early thirties. Also de- 
veloped with the cellulose esters were 
the so-called cellulose ethers, such as 
ethyl cellulose. 

Thus, progress in the plastics indus- 


try continually goes on— new products 
and new processes are being developed 
each year, with the result that trade 
names are increasing, greatly to the 
confusion of the public. To clarify this 
picture of names, the accompanying 
table is offered. Because of the innum- 
merable applications of the various 
types of plastics It would be impossible 
to present even a fairly comprehensive 
list, but the same table furnishes a 
general idea of the diversity of uses. 
The varied chemical and physical 
properties of the many thermoplastic 
and thermosetting plastics, with their 
particular advantages, fortunately per- 
mit a wide choice of selection and 
adaptation to specific tasks. 

T he distribution of plastics is of neces- 
sity under heavy restrictions today. 
The Chief of the Thermoplastic Unit 
of the Chemical Division of the W.P.B., 
Ralph H. Ball, reported late last year 
that the majority of plastic materials 
are unavailable in sufficient quantity 
to meet war and essential civilian need. 

While the cellulose plastics have been 
using cotton linters as the basic raw 
material, research studies are being ex- 
pedited to extend the utilization of 
wood pulp in making plastics. Lignin, a 
wood product, is being investigated in 
government and private laboratories as 
a possible cheap raw material for mak- 
ing plastics in the building industry. 
Chemists also are at work on other raw 
materials such as soya bean, zein, 
and coffee, for making suitable plastics. 

Indeed, it is felt that plastics will 
have attained a position at the end of 
this war which would have required 
four or five decades to reach in time 
of peace. To the layman it will become 
evident why plastic products, with their 
lightness, toughness, durability, Infinite 
colorability, permanent finish, pleasant 
feel, chemical resistance, and fast mold- 
ing cycles, have taken over many of the 
jobs of rubber, metals, ceramics, and 
other strategic materials. 

It would startle John Wesley Hyatt 
today to see the fruits of his famous 
pioneer invention of the Celluloid 
billard ball about 75 years ago! 



Gloss ompottlss containing iodino 
cmd morcurochromo or# now pro* 
toctod by tronsporont plostic tubas. 
Thus, wlioirtho tubo is brokon« the 
fingors oro protoctod from sUvors 
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ELECnraKS 

Conducted by KEITH HENHEY 

O NE of the oldest and most prosaic 
of industrial tools, the electric 
motor, is about to feel the full effect 
of the newest and most versatile of 
industry’s tools, the electron tube. By 
this combination of the old and the 
new, industry will be provided with a 
reliable variable-speed drive for in- 
creasing the usefulness of machine 
tools and other vital machinery pow- 


nected a direct-current generator. The 
direct current power thus obtained 
is vised to supply variable-speed di- 
rect-current motors. Speed is changed 
by throwing away or absorbing some 
of the generated power. The disad- 
vantages of this system are obvious. 

Other plants generate their own di- 
rect-current power from prime movers, 
but this is usually uneconomical. 


Motors Do A Bettor Job 


By Nmuu oi EI«dro» Tilws, Dinct-Cwrmt Nelm Caa Im OpanM Froa 
AIf«mlfai|-Cwr«al Power Liaos. Tho Adaaaiagof are TarlaUo Spool Oror 
a WMo laago. Coastaat Torgao at Slow Spoodi. Coaslaal lonopowor at 
High Spoodt. Naay ladasirial AppUoaHoas Lilted 


ered with direct- current motors. No 
longer will it be necessary to use the 
motor-generator sets now required 
where only alternating current power 
is available, or belts and pulleys to 
change speed of an A.c. motor, or 
clutches and other mechanical means 
of adjusting speed. The elaborate 
equipment required for these inelegant 
methods of motor speed control can be 
released lor more useful functions 
elsewhere, when the full impact of elec- 
tronics is made effective. 

Electric power is distributed to in- 
dustry in two forms — alternating cur- 
rent and direct current. By the use of 
alternating current, it is possible to 
transmit huge quantities of power with 
only moderate losses in the transmis- 
sion lines — a feature not possessed by a 
direct-current power transmission sys- 
tem. This is possible because of the 
ability to transform alternating current 
easily from one voltage to another. 
Since line losses go up with the square 
of the current transmitted, alternating- 
current power is transmitted at low 
current and high voltage. 

The big objection to the a.c. system 
comes when it is desired to utilize this 
power for certain jobs where variable 
speed motors must be used. Motors run- 
ning on alternating current are unsuit- 
able for driving lathes, driving conveyor 
belts, or feeding metal into cutting 
tools, for the simple reason that they 
have only a few fixed speeds depending 
upon the motor construction and the 
frequency of the current supplied to 
them. Beyond this speed range, acces- 
sory mechanical gear must be employed. 
What industry desires is the flexibility 
of the direct-current motor and the 
efficiency of transmission of the alter- 
nating-current system. Electronics now 
makes this possible. 

To overcome the disadvantages of al- 
ternating-current power, many indus- 
trial plants now buy this power and 
use it to run an alternating-current 
motor to which is mechanic^y con- 


Electron-tube control of motors op- 
erated from alternating-current, there- 
fore, not only improves the efficiency 
of the system where variable-speed 
drive is essential, but new advantages 
not, evident at first sight are made pos- 
sible. 

For example, an ordinary motor op- 
erated from direct current does not 
fulfill all requirements such as ex- 
tremely wide and stable speed range, 
good speed regulation, smooth auto- 
matic acceleration. The tube-motor 
combination provides these features plus 
the advantage that the speed of the 
motor may be preset so that the for- 
ward or reverse speed is obtained 



horsepower vary widi motor speed. 
Drowlaq coupled with eurros shows 
speed is controlled by single died 


merely by pushing tho proper button. 
Then, too, speed may be changed at 
any time while the motor is running, 
providing constant torque over the en- 
tire armature control speed range and 
constant horsepower over the field con- 
trol range, as well as elimination of 
vibration difficulties sometimes en- 
countered with adjustable-speed drives. 
This is especially important in providing 
power for machine tools where vibra- 
tion might throw the tools out of align- 
ment. 

The basic method by which electron 
tubes are added to a motor is simple. 
The tubes employed are thyratrons. 
These are gaseous or mercury-vapor 
filled rectifiers which convert alternat- 
ing current into direct current. They 
differ from ordinary rectifier tubes in 
that a third element, a grid, is added 
to the required cathode (supplier of 
electrons) and anode (receiver of elec- 
trons). A rectifier, like any other elec- 
tron tube, conducts current only when 
the anode is positive with respect to 
the cathode. Thus if a load to which 
power is to be fed is placed in series 
with a rectifier and a source of alter- 
nating-current power, current will flow 
through the load only on the half cycles 
of the alternating-current power when 
the anode is positive. Current, there- 
fore, flows only part of the time but 
during this half cycle it flows continu- 
ously — not for half of a half- cycle nor 
for a quarter of it but for all of it. 
The only time the current does not flow 
is when the anode becomes negative 
with respect to the cathode, and this 
occurs on the alternate half cycles 
when the direction of current flow re- 
verses. 

With a grid interposed between 
cathode and anode, however, the situa- 
tion is different. Now the portion of the 
positive half cycle during which cur- 
rent flows through the tube and, there- 
fore, through the load, can be varied 
by merely changing the voltages on the 
grid with respect to the anode or the 
phase of the alternating voltages placed 
upon grid and anode. Thus a thyratron 
is a controlled rectifier; by proper cir- 
cuit arrangement the current through 
the load may be anything between 
zero and the maximum passed when 
the tube conducts throughout the posi- 
tive half cycle. 

T he grid inside the tube is connected 
to a speed control dial in front of the 
operator. Turning this dial varies the 
voltage on the grid so that it acts as a 
faucet, opening to let more power pass 
through the tube to the motor or clos- 
ing to reduce the stream of power. 

A direct-current motor operated from 
alternating current by means of a thy- 
ratron is supplied with rectified a.c. 
power. The system consists of a single 
or polyphase, grid-controlled, thyratron 
tube rectifier which takes power from 
the A.c. line and rectifies it into direct- 
current ouput. The rectified d.c. voltage 
is supplied to a regular shunt-wound 
D.c. motor and may be varied from zero 
to motor rated voltage (or above) for 
D.c. armature control. Smaller thyratron 
tubes uaed in the control apparatus 
provide rectified d.c. current for the 
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field of the motor. The field 
voltage is held constant 
throughout the range of ar- 
mature voltage and then 
is reduced to provide greater 
speed range by field weak- 
ening above the base speed 
of the motor. 

Only four pieces of equip- 
ment are required for elec- 
tronic motor control. These 
are a transformer* the elec- 
tronic unit, the control 
(push-button) station, and 
finally the motor to be con- 
trolled. 

An anode transformer is 
used in order to make use 
of motors of standard volt- 
age. By designing a special 
motor it would be possible to 
eliminate this transformer 
entirely in most cases, but 
manufacturers (notably Gen- 
eral Electric, which has de- 
veloped the Thy-mo-trol 
system and Westlnghouse 
the Mot-O-Trol) have felt 
that the use of a motor of 
standard design has definite 
advantages to the user. The 
speed control dial and the 
push buttons may be 
mounted in any convenient 
location. 

The normal speed range 
by armature control is 20 
to 1 below the base speed 
of the motor, although a 
much wider range such as 
100 to 1 can be obtained. 
Field current control is used 
above the base speed for 
standard motors. This range 
is normally 2 to 1, with the 
top speed natiually limited 
by the characteristics of the 
motor itself. The electronic 
circuits automatically regu- 
late the motor speed in order 
to maintain it essentially 
constant at any setting re- 
gardless of load. Through 
other smaller control tubes, 
the D.c. output voltage of 
the main rectifier tubes is 
controlled to compensate for 
speed changes. In a proper- 
ly adjusted system, the speed 
over a 10 to 1 range will not 
vary more than 4 percent 
from a presetting, with 
torque varying from no load 
to full load. B^lrthermo^e, 
the speed will not vary more 
than 8 percent for any speed 
within the speed range of 
20 to 1. Normal variations 
in A.C. line voltage have only 
a small effect on the speed 
regulation. 

In a typical case, the speed 
will not vary more than plus 
or minus 1 percent if the line 
voltage varies as much as 
plus or minus 5 percent. 

When the stop button is 
pushed, a resistor is auto- 
matically connected across 
the armature. In this way 
the motor is brought to a 
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Industry 

Aviation 

Cement 

Ceramic 

Chemical 

Food 
Laundry 
Machine Tools 

Glass 

Materials Handling 
(all industries) 
Steel Mill 


Mining 

Paper 


Paper Converting 

Power Generation, 
Heating and Ven- 
tilating 

Printing 

Rubber 

Textile 

Woodworking 


Application 
General purpose test- 
ing, machinery, such 
as for fuel pumps 
Conveyors 

Lathe drives 
Feeders (conveyors or 
pumps) 

Bottling and packag- 
ing machines 
Flatwork ironers 

For all machine tool 
ieeds, such as on 
lathes, grinders, and 
milling machines 
Slotters, key sealers 
and gear cutters 
Glass drawing 

Feeder conveyors 
Assembly conveyors 
Straightening ma- 
chines 

Spinning or flanging 
machine feed 

Cold or hot saw 
feed 

Ore concentrators 

Wire shakes and ro- 
tating filters 
Rotary cutters, slit- 
ters, winders and 
single intake shaft 
drive on combining, 
waxing or paper 
treating machines 
Reels 


Top roll drive and 
dandy roll drive 

Bag machines, fold- 
ers, interfolders, 
creasing, perforating 
and embossing ma- 
chinery 

Laminating and coat- 
ing machines 

Coal Feeders 


Stokers 

Small web-feed ro- 
tary printing presses 


Small tubing ma- 
chines 

Warpers and winding 
reels 

Starch mangles, pad- 
ders, and sanforizers 

Lathe feed 


Operating 
Requirements 
Wide speed range; 
stepless acceleration 

Constant speed for 
any speed setting 
Adjustable speed 
Adjustable speed; 
close speed regula- 
tion at any speed 
Medium speed range; 
close adjustment 
Adjustable speed; 
constant torque 
Wide speed range; 
good speed regula- 
tion, reversing dy- 
namic braking 
Adjustable speed, 
good regulation 
Wide speed; close 
speed regulation 
Adjustable speed; 
high starting torque 
Adjustable speed; fre- 
quent starting, dy- 
namic braking 
Adjustable speed; 
high torque at low 
speeds; braking 

Adjustable speed; 
good regulation 

Constant speed for 
any speed setting 

Medium speed range; 
uniform speed 
Low throading speed, 
medium speed range; 
close regulation at 
any speed setting; 
smooth, stepless ac- 
celeration 

Accurate speed set- 
ting; wide speed 
range 

Medium speed range; 
close regulation 

Low threading speed; 
constant speed at any 
speed setting; step- 
less smooth accelera- 
tion 

Wide speed range; 
stepless acceleration 

Adjustable speed; 
constant torque. 

Wide range of speed, 
close regulation 

Inching; dynamic 
braking; close regu- 
lation at any speed; 
smooth acceleration 

Adjustable speed; 
good regulation 

Constant linear speed 
at any given setting 
Wide speed range; 
close regulation 

Wide speed range; 
constant torque 


quick stop through dynamic 
braking. The current is in- 
terrupted by the thyratron 
tubes rather than by a mag- 
netic contactor. 

Electronic motor control of 
the type described has the 
following advantages: 

1. All the desirable char- 
acteristics of a D.c. motor 
drive from an ax. supply. 

2. Only one rotating ele- 
* ment (the motor), conse- 
quently no vibration trouble 
from auxiliary equipment. 

3. Ease of mounting: Con- 
trol may be mounted in its 
own cabinet or built into 
suitable space in machine. 

4. Finger tip control: No 
field rheostats required; 
speed control in regular 
push-button station, 

5. Adjustable accelerating 
torque to meet various 
load requirements. Smooth 
automatic acceleration. 

6. Much wider ranges than 
normal with stable operation 
at extremely low speeds and 
exceptionally good speed 
regulation under varying 
load conditions. 

7. Preset speeds. 

At present, electronic con- 
trol has been generally 
adapted to motors of one 
horsepower and smaller, al- 
though the manufacturers 
have successfully applied the 
equipment to motors of 
considerably higher power. 

M any interesting applica- 
tions have been made, 
most of them to machine 
tools because of the present 
limitations In size. Among 
the types of machines to 
which electronic drives have 
been successfully applied 
are grinders, milling ma- 
chines, tool-room lathes, 
turret lathes, and thread 
mills. In addition, they have 
been supplied for automatic 
welding machines and for 
various special equipment for 
testing magnetos, airplane- 
propeller governors, and in- 
strument tachometers. 

A particularly interesting 
application has been made 
for driving the headstock on 
grinders. The wide speed 
range obtainable and the 
constant-torque character- 
istics provided at low speed 
make it possible to provide 
the proper speed for every 
type of grind. In several in- 
stances the new control has 
made possible a simplifica- 
tion in the headstock itself 
through the elimination of 
the gears and pulleys for- 
merly required. 

One of the earlier appli- 
cations of this form of motor 
control was in the field of 
astronomy, where electronic 
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Adluitlnjr ipeed comp^nicrtioii eon- 
Irol on cabinet of Weettnghouse Mot* 
O-TroU Thyratrons are in cabinet 


tubes were used in connection with the 
driving motors for huge telescopes. 
Since then, the extreme flexibility of 
electronic motor control has resulted 
in many other applications in the fields 
of pure science and research-applica- 
tions that undoubtedly will Eventually 
result in important new industrial uses 
as well. 

Elevator installations lend themselves 
naturally to electronic control, particu- 
larly in districts where d.c. power is not 
available. Alternating-current motors 
cannot economically provide the high 
starting torques and wide speed ranges 
required in this application; hence D.c. 
motors must be used. Where only A.c. 
is available, the choice lies between 
providing a D.c. source of power by 
means of a motor-generator set or small 
power plant, or using electronic control 
to rim D.c. motors from a.c. hnes. The 
final decision is usually governed by 
a study of relative costs, with the award 
going more and more often now to elec- 
tronics. 


^ ^ 

PROTO-TUBES COMTIOL POWER 
AiiMiAtlcaUy Coalrtl Fltw la 
Ttsilaf BmimI Ntltrt 

Electric meters for measuring elec- 
trical energy sold to users measure the 
product of power and time. To test 
such a meter for accuracy requires 
measuring two quantities. Since time 
is easily measured to high accuracy, 
it is common practice to hold power 
constant and measure time. 

Some types of demand meters may 
require test periods up to 15 minutes, 
other types to one hour. When such 
tests are performed manually, an 
operator observes the motion oi the 
pointer on a standard wattmeter and 
by adjusting a rheostat controls a 
portion of the total test load to correct 
for the small variations arising from 
voltage fluctuations, resistor heating, 
and other causes. 

The operator learns by experience 
that in order to keep the average of 


the load constant he must try to com- 
pensate for the transient variatioiui by 
briefly applying a greater correction 
than the deviation, the operator thus 
mentally averaging the peaks and dips. 
This is a somewhat tedious operation 
involving both judgment and eye- 
strain. 

A method of doing this important job 
automatically by means of photo-tubes 
has been developed at the Westinghouse 
Electric and Manufacturing Company, 
and was recently described in Elec- 
tronics. The apparatus has three parts 
corresponding to an operator’s eye, 
brain, and hand, according to B. E. 
Lenahan. The “eye” part consists of a 
mirror which receives a beam of light 
from a lamp, also two photo-tubes, and 
a shutter vane carried on the meter 
mechanism. The shutter moves in 
front of the mirror and forms an optical 
lever to magnify the movement of the 
meter coil. So long as the coil is in its 
correct position, indicating the flow 
of the desired amount of power, the 
output of the photo-tubes is zero, but 
when the meter coil moves, the photo- 
tube output is proportional to the dis- 
placement of the meter movement. 

The “brain” part of the apparatus 
consists of a network of resistors and 
condensers, and the correction mechan- 
ism, using amplifier tubes, performs 
the ‘^and” operations ordinarily re- 
quired- Thus the combination of 
photo-tubes and correction system re- 
places two operators by one, and in- 
creases accuracy. 

OIL NUT PRECIPITATED 
Electricil Ckarfiaf R0 hio?as 
F irt Riiard la Sktps 

H IGHER operating speeds of modern 
machine tools, causing greater break- 
ing up of coolant oil into mist; in- 
creased machine -hours per day which 
plants now work; increased number of 
machines in a given space — all these 
factors increase the oil smoke and mist 
problem in many machine shops. The 
effect is to reduce the effective illumin- 
ation on the work and to create a fire 
hazard. Several methods of cleaning 
the air have been devised, and one us- 
ing the Precipitron electronic tube 
seems to have particular merit. The 
Precipitron is a development of West- 
inghouse engineers by which high volt- 
age precipitates dust and other par- 
ticles in the air by charging them with 
electricity. A comparison test between 
a mechanical air cleaner and a Preci- 
pitron, both operating at a rate of 600 
cubic feet per minute, showed that the 
electronic machine was at least seven 
times as efficient. 

Orr-FRERVEHCT TRROIC 
PhtRAMtata Raw RAbi 

VtAlally ArpUaI 

Everyone knows that as a radio re- 
ceiver is tuned away from the desired 
station, the strength of the signals from 
that station decreases. No one did much 
about this electrical phenomenon until 


a young man in the North woods put 
it to use in the early days of radio. He 
noted that the pitch emitted by his 
simple one-tube receiver varied if he 
placed a piece of paper between the 
condenser plates which tuned the set to 
resonance. This young man was in- 
terested in paper manufacture, and he 
knew that the moisture content of 
paper was important. 

So he devised an electronic system 
which makes it possible automatically 
to control the amount of moisture in 
paper during manufacture It uses, 
essentially, this off- tuning phenomenon 
by which a voltage change is noted in 
an electrical circuit when the circuit is 
tuned away from resonance. 

Many other uses have been made of 
this fact. Recently the United States 
Bureau of Mines has put the idea to 
work in a means of studying vibrations 
of the earth, in measuring and record- 
ing the elongation of test specimens be- 
ing stretched, and in certain metal- 
lurgical uses. 

AIR CLEARER 

OtillsAs Vllra-SABic Wavas 

EUctrAaicAlly fiARAraltd 

It has been known for some time that 
high-frequency sound waves will floc- 
culate and remove suspended matter in 
smoke, fumes, or fog. One of the dif- 
ficulties of putting this known fact into 
industrial use has been the problem of 
generating sufficient energy at frequen- 
cies higher than the human ear can 
hear. In the Review of Scientific Instru- 
ments, however, Hillary W. St. Clair 
described a generator which is a step 
in the right direction. 

This producer of ultrasonic waves is 
built somewhat on the principle of the 
dynamic loud speaker used in nearly 
all radio receivers of today. The cone 
or diaphragm of the loud speaker is 
replaced by a resonant bar, and current 
is induced in this bar so that it vibrates 
at the required resonant frequency 
The vibrations of this bar can be im- 
parted to the gas which is to be cleaned. 
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INOTREB FIELDS 

Conducted by The Staff 

S imultaneously today move two 
great rubber developments of far- 
reaching importance to the economic 
future of the Americas. These are the 
creation in the United States of a syn- 
thetic rubber industry and, in the 
tropical Americas, development of na- 
tural rubber production. Which of these 
two will win out in the long run? The 
answer holds large meaning for the 


IN OUR September iMue. page 115, was 
presented on article on the present status 
of the synthetic rubber industry. We now 
publish o comprehensive survey of natural 
rubber, its present ond possible future* 

It Is enlightening to study these two 
articles side by side. The one on synthetic 
rubber was, of course, prepored by a 
chemist; the present article is by a man 
whose moin Interest Is in natural rubber. 

If it, therefore, oppeors that there are 
discrepancies in stotement between these 
two reports, it must be remembered that 
'"only time ond technology"' can onswer 
many of the questions Involved. This is 
particularly true of discussions involving 
odvantoges for specific uses of different 
icinds of synthetic and noturol rubbers, and 
the highly importont cost element . — The 
Editor, 


Americas. Rubber is indissolubly bound 
up with the economic destinies of the 
hemisphere. What rubber means to our 
motor and machine age has been well 
illustrated in the repercussions from the 
loss of rubber supplies in the Far East. 

Right now the important thing is to 
get rubber. We must get it from any 
and every source available, natural and 
synthetic, as quickly as possible. That 
is all that matters immediately. Without 
rubber, the United Nations war ma- 
chine and the civilian economy of the 
Americas would be severely handi- 
capped. Lack of rubber can prolong the 
war. Lack of rubber can cause infinite 
confusion in civilian life, as we know 
only too well. Still it is worthwhile to 
examine now the challenging question; 
Are we to rely, in the long-range as- 
pects, upon natural or synthetic rub- 
ber? 

Perhaps the combined answer to this 
challen^ng question lies in the test 
tubes of patient chemists apd in the 
research and experiment stations of the 


tropical Americas which are producing 
strains of disease- resistant and higher- 
yielding rubber trees. In either case, 
science holds the answer— science in the 
industrial laboratory and science in 
agricultural experiment stations. Which 
will win in the long run? The chemist 
has produced many fateful changes in 
our economic life in the last two de- 
cades But probably no single develop- 


ment holds more potent possibilities 
than the race between the chemist and 
the agricultural .scientist to supply the 
expanding needs of the Machine Age 
for rubber and to supply it cheaply and 
abundantly. 

Much of the natural rubber program 
for immediate war needs is concentrated 
on efforts to increase quickly the pro- 
duction of wild rubber in the Amazon 
basin and in Central America. The 
program also includes large projects for 
production of rubber from quick- 
growing plants, such as cryptostegia and 
guayule. World i*ubber consumption in 
the past few decades has increased 
rapidly. The curve of consumption, 
both in the United States and outside 
the United States, seems likely to con- 
tinue to rice for a long time. Tem- 
porarily, in the United States, consump- 
tion is limited by need of conserving 
available supplies for war and for essen- 
tial civilian use. But probably we are 
now near the low in war-time rubber 


consumption. Starting in 1944, the 
curve of both production and consump- 
tion may resume its climb. I believe 
United States consumption of rubber 
will expand until it at least doubles 
consumption during the peak year of 
1941. In that year the United States 
used around 775,000 tons. If 1 am cor- 
rect in this assumption, the long-term 
uptrend in rubber consumption will 
mean that the United States eventually 
will require 1,500,000 tons of rubber an- 
nually. That means a billion dollar in- 
dustry. The United States Department 
of Agriculture, in collaboration with the 
tropical Americas, is carrying on re- 
search for the improvement of plant 
materials and for commercial stimula- 
tion of existing strains resistant to leaf 
blight as well as of high-yielding 
strains. In the 100 co-operative nurser- 
ies established in the other Americas, 
nearly 30,000,000 budded trees already 
have been produced. These are ma- 
terial for the plantation industry. Five 
experiment stations strategically located 
are making available scientific research 
and guidance for development of planta- 
tions, small and large. The Institute of 
Agricultural Sciences is preparing to 
take an active hand in this program, 
in collaboration with experiment sta- 
tions of the other Americas. 

Thus we see taking shape the dreams 
of those who years ago saw the need 
for growing rubber supplies closer to 
home Now the essential plant ma- 
terial, consisting of Hevea rubber trees 
of high yields and disease-resistant 
strains from the Orient, developed in 
the tropical Americas, is available for 
further expansion of a natural rubber 
industry in the Americas. 

The most important of the co-opera- 
tive field stations is located at Turrialba, 
near San Jose, the capital of Costa Rica. 
This station, started in 1940, is fully 
equipped and stocked. It possesses 
ample land for nurseries, clone collec- 
tions, and other limited plantings. Tiu:- 
rialba was selected as the site because 
it is ideal for investigation of the most 
serious pest of the rubber tree in this 
hemisphere, the South American leaf 
blight. The volcanic soil is excellent for 
growing rubber. Moreover, it is well 
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with resistant selections from 
the jungles of South America 
at die Marfranc station. 

Hie co-operative field sta- 
tion at Tela, Honduras, is 
located at the famous Lazice- 
tilla Farm, research station 
of the United Fruit C!om- 
pany. Two plantations of 
mature seedling rubber trees 
planted in 1926 by the United 
Fruit Company are sources 
of seed used for root stock 
production. In addition, some 
of these mature trees are 
used in developing techniques 
for small-scale or family size 
rubber enterprises. 

In Mexico, co-operative 
projects are under way with 
the Ministry of Agriculture 
at the El Palmar experiment 
station near the city of Te- 
zonapa, state of Vera Cruz. 
Some 300 acres of mature 
rubber trees near this station 
provide ample seeds for pro- 



Above: Topping a rubber tree 
for latex. Right: The ''tree 
equivalent" of the synthetic- 
rubber plant — storage tanks for 
holding butodiene ond styrene 

situated to collaborate with 
the Inter-American Institute 
of Agricultural Sciences in 
future research. 

The government of Costa 
Rica has provided a thou- 
sand-hectare experiment sta- 
tion, known as “Los Dia- 
mantes,” near Cuapiles, about 
50 miles from Turrialba. This 
farm is less than 1000 feet 
above sea level and is repre- 
sentative of the broad north- 
ern coastal plain, which is 
well adapted for rubber 
growing. It will serve pri- 
marily as a propagation 
garden to supply bud wood 
to growers in regions in- 
fected by the leaf blight. 

Another important co-operative field 
laboratory is at Belem, Brazil, gateway 
to the Amazon rubber country. This 
laboratory is located at the Institute 
Agronomico de Horte, operated by the 
Brazilian Department of Agriculture. 
Considering its strategic position, the 
Belem center may have a key role in 
the development of rubber production 
in the Aniazon basin. Studies will be 
carried on there in different kinds of 
Hevea rubber indigenous to the Amazon 
coimtry. Scientists will collect bud wood 
and seeds of superior trees. Up-river 
stations will be established to carry on 
agronomic research. Improvement in 
tapping methods and preparation of 
rubber from wild trees are receiving 
special attention in view of the need of 
rubber for war purposes. 

In Haiti, a co-operative field station 
has been established at Marfranc for 
propagation of planting material. This 
material vdll be available for distribu- 
tion locally and to nearby countries. 
The leaf blight has not been found in 
Haiti. Strains of Hevea rubber sus- 
ceptible to leaf blight will be crqssed 


duction of root stocks and are under 
investigation for superior clones. Some 
of the latter, following blight-resistant 
tests at Turrialba, may prove valuable 
for commercial planting. 

In former times, when there was no 
competition to force rubber growers to 
develop special products for specific 
uses, ^e latex yield from all types of 
clones and rubier trees went to make 
up a conglomerate mass. This yielded 
a general or all-purpose product which 
had to serve wherever rubber was re- 
quired. This all-purpose product, of 
course, had many shortcomings. In the 
last three or four years before Java 
and Svunatra fell to the Japs, the Dutch 
were beginning to make great strides 
in developing natural rubber for spe- 
cific purposes. They had found mat 
latex from different rubber trees, and 
particularly from different strains, va- 
ries greatly in its properties and that 
it was of value to keep the latex pro- 
duced from different strains of trees 
separate for use where best adapted. 

Chemists who advocate synthetic rub- 
ber on the basis that it has tremendous 


possibilities in developing products for 
specific uses, apparently lose sight of 
the fact that Nature is far ahead o! 
them in the abiUty to produce different 
kinds of rubber adapted to specific 
uses. It is due largely to the fact that 
producers of natural rubber, particu- 
larly in this hemisphere, are not or- 
ganized, that their product does not 
receive the wide and favorable pub- 
licity accorded synthetic rubber. 

As regards price, there is no com- 
parison, at present, between the two 
products— Mtural rubber is much the 
cheaper. Even if the raw material were 
to cost nothing, it seems illogical to ex- 
pect that synthetic rubber could be 
pol 3 rmerized out of either alcohol or 
petroleum in a city factory, paying high 
taxes and wages, overhead, and so on, 
at a price comparable to that involved 
in the production of natural rubber, 
which is an ideal small-family indus- 
try. It is to the interest of rubber con- 
sumers in this country to see that the 
rubber of the future comes from a 
really cheap source. In the future, it 
should be possible with fully mature 
plantations of high-yielding trees to 
produce rubber at 10 cents a pound or 
less. 

R ubber production is an ideal small - 
family industry. The Goodyear Rub- 
ber Plantations Company, which has 
carried on experiments with tropical 
American rubber production since 1935, 
has emphasized that, in the develop- 
ment of rubber production in this hem- 
isphere, small plantings can play an 
important role. Although there are some 
large plantings, like those of Goodyear 
in Costa Rica and* Ford in Brazil, in 
the future local farmers in those coun- 
tries will be encouraged to make small 
plantings of a few acres and to utilize 
the large plantations and the co-oper- 
ative experiment stations of the United 
States Department of Agriculture as 
sources of planting material. 

No tropical crop is more suitable for 
farm production than is rubber. The 
mature trees are tapped and the latex 
is converted into dry rubber, \isually 
smoked sheets, by a simple process 
which may be carried out with an in- 
vestment in equipment of as little as 
$50. The equipment required consists 
of such materials as discarded oil 
drums, homemade wooden paddles, and 
crude smokehouses built with local 
'materials. 

The effectiveness of the family-op- 
erated farm in rubber production has 
been amply demonstrated in Haiti in 
connection with the Haitian-American 
Agrictiltural Development Corporation. 
There the women work on the farms 
just as men do. Whole families clear 
and till the land, harvest the crops, and 
transport them to market. That system 
is the foundation of the whole Haitian 
way of living, and any program that 
would tend to alter it would be doing 
Haiti a disservice. Small holders are 
demonstrating that not only can they 
cultivate rubber, but that they can pro- 
duce it in competition with large hold- 
ers to great advantage. 

The good wages which rubber pro- 
duction brings the small family unit, 
providing them with a cash income to 
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NOW! Enjoy Learning to Spenic 

Only IS Minutes a Day! 

Learn as easily as a child learns -by LISTENING / 
to native instructors on these brand new CORTINA RECORDS! 



Right in your living room your in* 
•tructore talk to you in evaryday 
Spanteh — - your whole family onjoys 
leariiing — this easy CORTINA way. 


Do busineit 
With our Latin 
A mertran cur* 
tamers -^tr aval 
in their fas- 
emoting coun- 
tries — tike a 
natire. 




Pleasures 
south of the 
Rto Grande 
will mean 
more when you 
really undefr- 
stand the lan- 
guage! 


D O YOU realize how much it can mean to 
you to speak and understand Spanish? 

A whole new world of opportunities is 
opening up south of the Rio Grande. Take ad- 
vantage of these opportunities there, or cash in 
on them he4e at home! Millions of dollars are 
invested — more millions are being laid out 
every week to develop the endless industrial, 
mining, farming, engineering and other resources 
of Mexico, Cuba, Panama, Central and South 

Am«ric«. Th« immanM voluma of buunaM and travel 
with our 100*000,000 Spanlah*apaaktiig n«fhbora it 
calling for man and woman who can speak their language, 
be friends with them inttaad of maraly **f oraignart" 1 

Evary day more paopla arc journeying batwaan our two 
confinantt on important jobs — • a ^ butinatt and social 
partnership that present world conditions have made us 
realize as nothing aiso could. And right hare in the 
United States there are countless openings for cor* 
respondents, sales agents and ^managers, clerks, mechanics, 
secretariat, stenographers, engineers, men and women who 
know Spanish, who can talk with customers when they 
arrive and correspond with them when they've gone back 
home! 

When you speak Spanish you open the doors to this 
new world. You're part of It. A^ the simplest, surest 
way to begin speaking Spanish — to team it quickly, 
right in the privacy and relaxation of your own home 
is the Cortina way. With Cortina Spanish records, you 
begin to understand Spanish almost at once. In an 
amazingly short time — you are actually speaking 
Spanish. 

Too good to be true? It may seem so. But that is 
exactly how the Cortina method works. And to prove 
it to you we invite you to look into this olferi 


SENT ON 5 DAYS' APPROVAL 

FrM Book Doscribos Full Dotolls 


What Othen Soy 

RUDY VAILEE 
savs . . . "delighted 
with results from 
Spanish and French 
Cortinaphone 
Counet 

valuable in broad- 
casting and record- 
ing," 

FRANK LUTHER 
says . . . “Pronun- 
ciation on records 
remarkably clear." 
"Anyone Con Learn" 
“Your clear records 
make it possible for 
anyone to learn the 
language of his 
choice.^* — Mr. Tom 
White, Muskogee, 
Okie. 

"A Good Investment" 
“Have just returned 
from Mexico . . . 
and found that my 
Cortinaphone Course 
was a good invest- 
ment." — Phillips B. 
Iden. 


R ead the free book we will 
send you describing the 
CORTINA method, and 
all about our 9-day approval 
oifar. With these fifteen 12*iach 
(symphofiy size) records — - 
thirty recordings in all — you 
learn by Ustaning. Instead of 
struggling with complicated text- 
books — insteed of losing time 
going to and from a taacber, or 
paying high fees for eech lesson 
— you leem at home, relaxed 
and at ease, in as little as 15 
minutes e day. 

Thai EASIEST Way to Learn 
the EASIEST of All Languages 
*— and this la the finest time to 
leem It! Remember, Spanish 
means greeter social advantages 
too. Everyone should know et 
least one foreign language. 

Today, when Spanish, the most 
imperfent foreign language In 
the world, cen mean so much 
fineaciel gain, travel end cultural 




ileeaures, why net see whst this 
Jascinating and inanensiva Cor- 
tina Matnod will do for you? 
You risk nothing. You first 
PROVE — right at homa «— that 
this amazing mathod CAN teach 
you in only a short period of 
genuine an joymant each day. 

The CORTINA Academy has 
been teaching languages success- 
fully for 60 YEARS. And it 
will do for you personally what 
it has done for thousands of 
others if you will give it a 
chance. The five days* trial in 
your own homa will demonstrate 
this to your entire satisfaction — > 
or it coats you nothing 1 

Without ob- 
ligation, aend 
the coupon 
TODAY for 
your free copy 



of the 32*pege 
booklet, **The 
Cortina Short- 
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supplement the living they get off their 
place, helps to develop contented rural 
populations. Content^ rural popula- 
tions will undoubtedly mean much 
more to the future of this hemisphere 
than some sjmthetic rubber factories 
rim under high- tariff protection. 

Vice President Wallace has said; 
“Looking ahead to the new time of 
peace, the motorists of the United States 
will not only want to have an assured 
source of rubber, but they will want to 
get that rubber as cheaply as possible. 
In the matter of cost, natural rubber 
from either the Far East or the West- 
ern Hemisphere is likely to have a big 
advantage over synthetic. And, even if 
synthetic rubber is available in large 
quantities at a low price, a substantial 
amount of natural rubber will still be 
needed for mixing with the synthetic 
product. 

“Few automobile users in the United 
States realize that the technology of 
producing rubber from trees is chang- 
ing almost as rapidly as the technology 
of producing synthetic rubber. During 
the last 10 years, high-yielding strains 
of rubber have been developed. Some 
of these strains yield two, tlu*ee, four, 
and even five times as much as the old- 
fashioned strains customarily used in 
the Far East. With modem strains of 
the Hevea rubber plants, there is every 
reason to believe that during the period 
after the war rubber can be profitably 
laid down in New York City from either 
South America or the East Indies at 
less than 10 cents a pound. Therefore, 
to protect synthetic mbber produced in 
the United States from destructive com- 
petition would require a tariff of at 
least 10 cents a pound and probably 20 
cents.” 

As previously indicated, natural rub- 
ber, under m^em conditions, should 
not cost more than 10 cents a pound to 


CUSS TUT nCATS 

FasMflai Aaswtrs 

Naay lasalaliag aai Ollisr FrsUrais 

Glass, so light in weight that it floats, 
is the latest development in insulating 
materials; it is also applicable to life 
rafts, building blocks, and other uses. 
Foamglas, as the material is called by 
Pittsburgh Coming Corporation, is a 
true glass that has been cellulated by 
the evolution of internal gas at high 
temperature into a mass of tiny sealed 
air chambers, as many as 5,000,000 of 
them in a cubic foot. Foamglas is im- 
pervious to acid atmospheres or solu- 
tions and completely vermin -proof, and 
it can be easily cut into any shape by a 
cheap saw or knife. 

The new product is remarkably light 
in weight— 10 to 11 pounds per cubic 
foot, as against 156 pounds per cubic 
foot of ordinary glass. Because it is 
water-proof and consists of sealed cells, 
it is buoyant, and therefore especially 
adaptable for use in various types of 
floats and life rafts. 

Foamglas provides highly effective 
iil|^gfion for cold-storage rooms and 
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produce and probably will be produced 
for less. 

In this discussion, so far, in referring 
to the natural pr<^uct, I have dealt 
exclusively with Hevea rubber. Hevea 
is preeminently the most important 
species for commercial rubber produc- 
tion, but there are other kinds which 
offer great possibilities, not only firom 
the standpoint of low cost of produc- 
tion under proper conditions but spe- 
cific qualities. In certain areas in Mexico 
and Central America conditions are 
more favorable to the growing of Cas- 
tilla than Hevea rubber. In those areas, 
however, as in the West Indies, the 
Cryptostogin plant, a source of high- 
quality rubber, appears to offer emer- 
gency possibilities. Under ordinary 
growing conditions it will produce only 
400 to 500 pounds of rubber per acre. 
Under the most favorable conditions, 
that is, with fertile soil and high rain- 
fall, it is a potential source of more 
rubber per acre than any other rubber 
plant known. It is believed possible, 
with proper horticultural practices, to 
stimulate its fast-growing young water 
shoots or branches to yield over a ton 
of rubber to the acre. At present there 
are many unknown quantities in the 
production of Cryptostegia rubber. 
Good techniques for it can not be 
worked out until large-scale plantings, 
which are just being made, are in pro- 
duction. 

Just what the chief source of our rub- 
ber will be 10 years from now no one 
can say with certainty. All signs, how- 
ever, point to natural rubber as the 
product on which we shall rely mainly 
in the tremendously expanded industry 
of the future. Natural rubber has 
served our needs well in the past and 
there is every indication that it will 
continue to do so in an increasingly 
satisfactory way as time goes on. 
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for buildings where reduction of heat- 
ing costs or efficient operation of air- 
conditioning equipment are desired 
Dampness has no effect on this new 
achievement in glass, for, unlike most 
insulating materials, its conductivity 
does not increase under such condi- 
tions. 

It is likewise excellent insulation for 
backup in many types of ovens and 
furnaces, up to a maximum tempera- 
ture of 1000 degrees, Fahrenheit. Com- 
pletely non-combustible itself, Foam- 
glas is especially valuable where used 
as insulation in combination with ma- 
terials not resistant to fire 

ELCaiOVIC “CIEMIST" 

Will Iftai Fraivcilea Teitiai 
ia lyalhatic Babbtr FUais 

F ASTER and more accurate than a 
dozen top-notch chemists, the mass 
spectrometer will soon accelerate war- 
time chemical research by freeing 
hundreds of highly skilled chemists 
from tedious but important production 
testing in synthetic rubber plants. The 
new instrument is a valuable labora- 



Dr. Hippie and electronic "chemist" 


tory tool for scientists seeking more 
powerful gasolines, new plastics, and 
improved synthetic rubber. An average 
college student can be taught to op- 
erate the spectrometer in a few weeks. 

Developed by 32-year-old Dr. John 
A. Hippie, physicist at the Westing- 
house Research Laboratories, the elec- 
tronic “chemist’* swiftly and precisely 
analyzes many of the complicated gases 
formed in making butadiene, the prin- 
cipal ingredient of several types of 
synthetic rubber. 

“In 15 minutes,” Dr. Hippie explains, 
“this spectrometer will dissect a com- 
plicated gas molecule a twenty-five- 
millionth of an inch long and can be 
arranged to produce automatically an 
autograph that tells the chemist the 
composition of the gas. 

“At present, certain analyses require 
from 15 hours to three days of pains- 
taking laboratory work by five to ten 
skilled chemists— others cannot be done 
at all even by other processes. Results 
attained by these tedious methods are 
much less accurate than the molecular 
‘portrait’ that comes out of the spec- 
trometer.” 

Butadiene molecules, Dr. Hippie ex- 
plains, are carefully built up from car- 
bon and hydrogen atoms according to 
definite chemical patterns, much as a 
tile-setter selects colored blocks to form 
a design on a floor. 

“As the molecule is being put to- 
*gether in a butadiene plant,” he says, 
“its composition must be checked at in- 
tervals to make certain that the chemi- 
cal pattern is being followed. 

“Present methods of determining the 
molecular structure are so slow that a 
batch of butadiene has often gone 
through the various treatments of the 
process before the analysis is com- 
pleted, If there is an error in the mole- 
cular design, the butadiene will make a 
poor quality synthetic rubber. Some- 
times a batch of butadiene has to be re- 
processed, causing lost production time.” 

The spectrometer is housed in a 
cube-shaped cabinet five feet high. Its 
key part is a yard-long glass vacuum 
tube shaped into a quarter-circle. This 
tube, lin^ with metal, is fixed between 
the poles of an electromagnet. “Mole- 
cules of the gas being analyzed are 
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given an electrical charge at one end 
of the tube and are shot toward the 
other end at a speed of approximately 
a million feet a second by high voltage 
electricity,” Dr. Hippie explains, “"l^e 
electromagnet pulls at these speeding 
molecules so Uiat only those having 
a certain mass, or weight, travel down 
the center of the tube, around the bend 
and through a tiny slit in a metal target 
at the other end. 

“The molecules going through the 
target are collected on a metal plate 
where they give up their charges. Then 
the charges are amplified and counted 
by electric meters, which indicate how 
many molecules of a certain weight 
are in the mixture.” 

The mass spectrometer requires only 
a thimbleful of gas for each test. Buta- 
diene plant chemists now have to draw 
off a bucketful of gas for the involved 
laboratory procedure of breaking down 
the mixture by “fractionating” or dis- 
tilling. 


SHIP PROPELLEBS 
Prodicfi Witk a Sabstsiiial 
Savlag tf Critical Brats 

Another indication of the wide-spread 
advances in metallurgy and foundry 
practices is found in the replacement 
by Meehanite Metal of brass in the 
production of propeller castings. Ac- 
cording to Cooper-Bessemer officials, 
difficult one-piece, three-bladed pro- 
peller castings, being produced for 
United States Coast Guard vessels, have 
passed rigid inspection and testing, 
proving that Meehanite Metal has the 
strength and structural characteristics 
necessary for this application Mee- 
hanite Metal, with a far higher tensile 
strength range than ordinary cast iron, 
has been used ‘with great succeess by 
Cooper-Bessemer for several years in 
the production of engine castings. 

Conversion to Meehanite castings is 
said to have reduced propeller produc- 
tion costs as much as 50 percent, in 
addition to conserving a substantial 
tonnage of critical brass which can be 
used in fabricating other vital war 
equipment. 

NATREIUTICAL DESICM 
Cm leglact Slower 
Noeliaaical Toslt 

Production of airplanes, tanks, and 
other armament will be speeded by a 
unique method, developed in the civil 
engineering laboratories of Cooper 
Union, which eliminates the use of 
models in determining how complicated 
parts will react to stress. 

Valuable time and effort in the design 
of modern complex structures is saved 
by the new method, which embodies 
a ^eoretical approach utilizing 
mechanics and mathematical formulas, 
according to Ray C» Brunfield, asso* 
ciate professor of civil engineering at 
Cooper Union and originator of the 
method. 

“Much equipment now being de- 


signed — airplanes, tanks, armament, 
and many other modem machines — 
contains portions which are known as 
indeterminate structures.” Professor 
Brumfield explains. “They are out- 
of-the-ordinary beams, beams that 
may be swelled, pinched, curved, or 
of any other odd construction. The 
problem is to determine in advance 
what effect the loads that will be borne 
by a particular structure will have in 
inducing stress. 

“With so many variable factors in- 
volved, the old trial-and error methods 
of predicting just how much rough 
treatment the parts of a structure can 
withstand are time-consuming, tedious, 
and expensive. 

“A refined form of trial and error. 


the use of models to determine reaction 
to stress, is widely used throughout 
industry. Many indeterminate struc- 
tures are now l^ng designed by means 
of Bakelite or other plastic models. 
The models are placed under stress 
conditions similar to those to which 
the completed structure will be sub- 
jected, and polarized light is passed 
through the model. The light shows up 
the effect of the stress conditions. 

“Another method used is to make 
models of plaster of Paris or glass» 
which break under stress conditions 
and reveal weaknesses of design. Both 
methods are entirely adequate for 
computing stresses, but today speed 
and efficiency are a prime considera- 
tion.” 



Joe Miller sees every detail 
of that coastal harbor — 
clearly, sharply. He knows 
that the lives of his fellow seamen depend 
upon the accuracy of his observations. 
That’s why Joe is using a Bausch & Lomb 
Binocular — built especially for the Navy. 
It must provide clear images through haze 
and rain— it must be rugged, water-proof, 
dust-proof. To thousands of seamen like 
Joe Miller, Bausch & Lomb Binoculars 
are the eyes that never fail their trust. 

The United States Navy urgently needs 
every Bausch dc Lomb 6x30 or 7x50 glass 
available. Bausch 8 c Lomb production is 
on a twenty-four hour schedule — tremen- 


dously increased over even a year ago. But 
there is no limit to the usefulness of these 
Binoculars in Navy work — there cannot 
be enough. So, if you have such a glass, 
send it to Naval Observatory, Washington, 
D, C., with your name and address at- 
tached. Don’t delay — send your Binoculars 
on active duty now. 


BAUSCH & LOMB 


OPTICAL CO 4 


5TER, N. Y. 
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Prior to romoTlng clomps Irom a now lomlnatod ship's bockbono 


The Brumfield method of comput- 
ing stresses is done on paper, by 
means of mechanics and mathematical 
analyses **under laws similar to which 
common types of structures are de- 
signed/* 

“Stress analysis is a very important 
part of construction/* Professor Brum- 
field points out “Its function is to 
effect a design so proportioned that 
the structure will do its job and remain 
intact in its original form despite the 
operation of normal stress conditions/* 

Slirs MCIBOWC 
law Nais el "Oat Pises'* 
si Laalaalsd Wss4 

The ideal backbone of a wooden ship 
— stem, keel, and stern post all in one 
piece — Is now an actuality due to 
recent progress in wood lamination, 
using low-temperature phenol glues; 
shipwrights had never achieved this 
ideal before, for nature never grew 
oak trees of the required dim^isions 
and configuration. 

Rapid developments in plywood, 
coupled with research in resin glues, 
led naturally to the inquiry as to 
whether lamination wasn*t the answer 
to this problem. Pl 3 rwood*s known 
strength, greater, weight for weight, 
than that of steel, led to utilization of 
laminated woods for trusses in factory 
and other large construction. But 
problems of shipbuilding are unique. 
Stresses and strains are mobile and 
variable, and no ship can be stronger 
than its backbone. Laminations must 
not only be waterproof, but also re- 
sistant to the action of salt water. 

Experimentation began in 1940, when 
the Navy recognized the imminent 
possibility of increased ship construc- 
tion. With the assistance of technicians 
of the National Lumber Manufacturers 
Association, search began for the type 
of glue that would meet these re- 
quirements. 

Tried first were phenol resin glues 
which set at high temperatures, for 
their effectiveness in marine plywood 
was known But laminated wo<^ mem- 
bers use layers much thicker than the 


thin veneers of plywood, and difficulty 
was encountered in transmitting the 
necessary heat through these layers. 

Urea resin glues, setting at from 70 
to 80 degrees, Fahrenheit, were tried. 
Frames of two 50-foot vessels were 
laminated of white oak, and exposed 
to water for a year. While these glues 
are considered waterproof, salt-water 
reaction resulted in delamination and 
reduced strength at the glue line. 

The next experiment resorted to 
low-temperature phenols, especially 
those in which all^ accelerators are 
used. A stem, keel, and horn timber 
for a heavily constructed ship were 
built and subjected to salt water. Ex- 
posure and laboratory tests both indi- 
cate these glues will prove thoroughly 
satisfactory. 

To solve the heat problem, a high- 
frequency electrostatic field was tried 
to set the glue. While this experiment 
has had promise of success, new glues, 
requiring lower temperatures, have 
beep another solution. But the low 
temperature phenols still require higher 
temperatures than urea resins, it hav- 
ing been found that phenol glues, set 
at 200 degrees, holds laminations to- 
gether with the strength of the wood 
itself. 

This method of creating big pieces 


bent frames. Proper moisture content 
can be readily controlled. Prefabrica- 
tion, reducing labor in the shipyard, 
is made possible. Because of greater 
strength, weight can be reduced. For 
the same reason, materials may not 
be limited to the use of the traditional 
white oak. 

Lamination makes unnecessary the 
search for special and rare timbers, 
thus ending one serious limitation on 
the number of wooden ships that can 
be built at one time. As far back as 
Civil War days, fear was expressed 
that enough timber suitable for naval 
construction could not be found. While 
we are building no more frigates of 
wood, demands for wooden scouting 
craft, mine sweepers and various types 
of combat vessels have reached large 
proportions, and lamination now seems 
certain to play an important role in 
their construction. 

pfinrr ibcoteit 

Assisisi Inr AiiitWe It 
Watsr Carlaia Spray 

A NEW and important use in the War 
Production Board’s paint recovery pro- 
gram was discovered recently for a 
chemical compound known as Turco 
Defiocculator. Paint overspray collect- 
ed from water wash curtain spray 
booths which used circulating water 
treated with Turco Defiocculator lent 
themselves better to recovery and pro- 
duced a recovered paint of the highest 
quality, according to test runs recently 
made at the Southern California area 
reclamation factory. 

When the defiocculator was origi- 
nally designed as a chemical treatment 
for circulating water systems in paint 
spray booths, its sole purpose was to 
prevent breaks in the water curtain by 
emulsifying oil and resinous vehicles 
and dispersing pigments so that they 
could not deposit on the metal walls of 
the spray booth. 

Now, without changing the method 
or directions for using the compound. 



th# mMkm water eurteUL baeouse of oddad chamleal olds pednt racavary 
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the chemical compoimd serves a double 
duty. At the same time that the dilute 
solution of the compound (an initial 
charge of 1/3 oiince to the gallon of 
water, with further additions of 1/6 
ounce per gallon every four hours) is 
acting to prevent breaks in the water 
curtain and maintaining an imbroken 
sheet, it also serves as a chemical re- 
covery agent. By preventing the for- 
mation of scum on the top of tanks, the 
deflocculator aids in producing a higher 
quality of sludge which stays smoother 
and is dispersed easier after reclaixning. 

mUSTIlAL BUIMS 
TrtsM With Tsaaic kM 

la Mfw Pscksgs 

Accokoing to “Accident Facts” pub- 
lished by the National Safety Council, 
approximately 4^/^ percent of the indus- 
trial accidents known to the council 
were accounted for by bums and scalds. 
V. A. Zimmer, Director of the United 
States Department of Labor’s Division 
of Labor Standards, has estimated that 
industrial accidents cost the nation 250,- 
000,000 man days in 1941. This involved 
millions of workers who were absent 
from their jobs because of injury or ac- 
cident in the plant. So, based upon a 4V2 
percent known estimate or reported 
accidents from burns, this means that 
11,250,000 production days were lost, 
caused by burns and scalds. 

As a means of reducing man-hour 
loss from industrial bums, The Gebauer 
Chemical Company has prepared a 
stable tannic acid solution which is 
marketed under the name of Gebauer’s 
Tannic Spray. The bottle is unique in 
that its closure is an automatic device 
which permits the spraying of the solu- 
tion directly from the bottle over the 
aifected burn area. The manufacturer 
makes special emphasis of the fact that 
the first five minutes are the most im- 
portant in the treatment of burns and 
that if first and second degree burns 
are treated promptly, within a few 
minutes after they have occurred, with 
any good, recognized medicament, the 
probability of blister formation, infec- 
tion, and other complications is ma- 
terially reduced. 

The manufacturer further claims that 
this tannic spray solution is stable, 
antiseptic, and that it forms a tannic 
film over the area to which it is ap- 
plied. 

orrcLUcniT mrisHiESs 

las iif Is la Iks 
Idtact if Fsyckialiy 

Man’s instincts and feelings supply 
the energy which makes the mind work. 
There is no other source of his anima- 
tion and desire to live and thrive. With- 
out the raw instinct of self-preserva- 
tion, man would be inert, almost as 
in a stupor, with but a few feeble re- 
flexes left to indicate that life exists. 
It is energy derived from the baser 
instincts which enables a man to awake, 
to dress, to eat, to go to work; it is 
a crude self-serving feeUng, which. 


when refined by intelligence, causes 
him to care for his children, to make 
love, to fight battles, to build cities, to 
paint pictures, and to compose divine 
music. 

If the instinct to acquire and to de- 
sire things were absent man would be 
incapable of ambition, would be torpid 
as to his own welfare, could not provide 
for his family and would be utterly 
indifferent as far as pride, self-esteem 
is concerned. Total accomplishment 
would be almost nil. 

This concept becomes clearer when 
we inspect man’s nature from the 
biologist’s point of view. What is the 
value of basic selfishness or the so- 
called acquisitive instinct? The answer 
is obvious — it has an undeniable sur- 
vival value. The purpose of selfishness 
is to provide man with energy for 
survival by acquisition of things which 
mean material comfort and security for 
himself and his family. 

To the moralists, selfishness is un- 
desirable and is considered to be some- 
thing opposed to honesty, charity, am- 


THOUSANDS of American women are 
working in vital war industries— replacing 
men who have left their machines to de» 
fend their country. And they are doing a 
fine job, for they know that the battle of 
production must be won to keep their men 
at the front supplied with thousands of 
things an army must have to be victorious. 

Quick to appreciate quality, women like 
South Bend Lathes. They like the fully 


bition, and other virtues. To them, it is 
a base-instinct that is incapable of 
being refined by intelligence to become 
something desirable. They do not stop 
to consider that, like o^er instincts, 
selfishness has passed through evolu- 
tionary stages. In the primitive savage, 
it is “raw” and seeks direct satisfac- 
tion by simply stealing. 

As social life improved, the desire 
to acquire did not diminish, but man 
learned, as the child learns, to defer 
desire, to recognize that the same goal 
can be achieved by devious strategies, 
and by socially approved techniques. 
Thus he attained two advantages; he 
obtained what he desired and at the 
same time incurred less hard feeling 
in his social setting. 

Intelligence is, therefore, nothing 
more than a device whereby one satis- 
fies instinctual desires with social ap- 
probation. The criminal who steals is 
simply stupid; the philanthropist has 
satisfied the same instinct of selfishness 
by elaborate intellectualization of this 
instinct and is therefore a wise and 


enclosed design — the smooth operation of 
conveniently placed controls and the de- 
pendable precision that enables (hem to 
(urn owl maximum production. And, most 
of all, (hey appreciate the ease of operation 
which reduces fatigue to a minimum and 
seemingly shortens the workday by hours. 

South Btnd Lngino Lathes, Toolroom 
Lathes, and Turret Lathes arc made tii nu* 
mereus sizes. Write for a catalog. 



TRAINING HELPS 

Write for a copy of Bulletin No 21‘C, describ- 
ing South Bend training helps — books, sound 
films, wall charts, and service bulletins on lathe 
operation and care. 


SOUTH BEND lATHE WORKS 

• OUTH BtND, INBIAMA lATMB ■WltDBIIB rOR S« VCARA 
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7 things you should do 

to keep prices down! 

If prices soEU, this war will last longer, and we could all go 
broke when it’s over. Uncle Sam is fighting hard to keep 
prices down. But he can’t do it alone. It’s up to you to 
battle against any and every rising price! To help win the 
war and keep it from being a hollow victory afterward— 
you must keep prices down. And here’s how you can do it: 



2 . pay no more than 


CEILING PRICES 

If you do pay more, you’re party to a 
black market that boosts prices. And if 
prices go up through the ceiling, your 
money will be worth less. Buy rationed 
goods only with stamps. 



O. DONT ASK MORE MONEY 

in wages, or in prices for goods you have 
to sell. That puts prices up for the 
things all of us buy. We’re all in this 
war together — business men, farmers 
and workers. Increases come out of 
everybody’s pocket — including yours. 



3. SUPPORT HIGHER TAXES 

It’s easier and cheaper to pay for the 
war as you go. And it’s better to pay 
big taxes now — while you have the 
extra money to do it. Every dollar put 
into taxes means a dollar less to bid for 
scarce goods and boost prices. 



Don’t buy a thing unless you cannot get 
along without it. Spending can’t create 
more goods. It makes them scarce and 
prices go up. So make everything you 
own last longer. '’Use it up, wear it out, 
make it do, or do without.” 



4c* PAY OFF OLD DEBTS 

Paid -off debts make you independent 
now . . . and make your position a 
whale of a lot safer against the day you 
may bo earning less. So pay off every 
cent you owe — and avoid making new 
debts as you’d avoid heiling Hitler! 



Money; in the savings bank will come and hold them. Buy as many as you can. 

in handy for emergencies. And money Then cut corners to buy more. Bonds 

in life insurance protects your family, put money to work fighting the war in- 
protects you in old age. See that you’re stead of letting it shove up prices. They 

ready to meet any situation. mean safety for you tomorrow. And 

they’ll help keep prices down today. 


KEEP PRICES DOWN . . . 


Use it up .. . Wear it out . . . 

TllU aUvertlMiuMt, prep«ro<l Dy the War Advortlalng Council. U coatrlbuUHl 
by ttiU macBBlne In cooperation with th« MagaKlne PubUahem of America. 


Make it do Or do without. 


176 


honorable man. He has simply refined 
a baser instinct into exalted virtues 
by keeping an ear attuned for social 
approval. Such dynamic characteristics 
as ambition, reliability, enterprise, 
capability, and resourcefulness are 
nothing more than an intelligent har- 
nessing of the instinct of selfishness. 

This process of refining or elaborating 
a crude instinct to man’s ultimate ad- 
vantage is called sublimation. It signi- 
fies an intelligent utilization of in- 
stincts, desires, and tendencies, and is 
the most powerful incentive to work. 
Give a man an incentive to satisfy a 
prime instinct and his capacity to per- 
form increases ten fold. No instinct 
in more propelling in this respect than 
is selfishness. 

Labor without a sublimated selfish- 
ness is drudgery. To harness the in- 
stinct of selfishness in an intelligent 
manner produces a capacity to work 
which defies all the common laws of 
fatigue. It has little or nothing to do 
with the physical state A small hunch- 
back who is working with instinctual 
satisfaction never tires, while the husky 
athlete who works for the sake of work 
alone, is listless and flabby at his tasks. 

No man works harder and with 
greater zeal than the proprietor of a 
shop for the simple reason that he is 
satisfying the instinct of selfishness 
in an intelligent and accepted manner. 
Work is never an end unto itself — it is 
always a means to an end — to satisfy 
an innate selfish desire, whether it be 
to get a new refrigerator or to build a 
memorial hospital for charity. 

The psychiatrist sees no incongruity 
in the term '‘intelligent selfishness.” 
The concept has found sound applica- 
tion in industry as demonstrated by the 
policies of J. F. Lincoln He has been 
able to show that when the shop worker 
is allowed to utilize the instinct of 
selfishness to its fullest, his capacity for 
satisfying and non-fatiguing work is 
immeasurably increased. The principle 
is simple enough; the incentive being 
a participation in the profits in the 
form of bonuses and corporation shares. 

STEEL CHEMICALS 
A Faw af Iha Jabs 
Baiag Da«a by Cbamistry 

Steel is processed by a host of chemi- 
cals from the moment explosives blast 
loose the ore until armor plate, tanks, 
bridge spans, or other finished products 
are delivered. 

Chemicals to clean, surface-harden, 
electroplate, pickle, and perform other 
necessary operations on the metal are 
being mamifactured in record quan- 
tities this year to match the unpre- 
cedented output of steel, according to 
E. I. du Pont de Nemours & Company. 

Virtually every piece of steel going 
into ordnance must be thoroughly 
cleansed of oil, grease, and the like at 
least once, and usually many times, 
before it takes final form Both satis- 
factory inspection and the permanent 
adhesion of any finish require per- 
fectly clean metal. 

Chlorinated compounds — usually 


known as non-flammable, synthetic dry- 
cleaning fluids — now clean metal faster 
and more efficiently than any other 
known agent, by a method called “sol- 
vent degreasing.” Oil and grease to the 
last speck dissolve in these chemicals 
or their vapors like sugar in water. 
Many parts vital to military equipment 
can be cleaned in large volume only 
by this method. Moreover, the work 
is done about four times as fast, and 
requires only about one-quarter the 
factory space. 

The steel gears, bearings, cylinder 
sleeves, valve stems, and other essen- 
tial parts of airplanes, guns, tanks, 
ships, and trucks would quickly break 
down under the full fury of mechan- 
ized warfare had not their surfaces 


previously been hardened and made 
wear-resistant by special chemical 
treatment. 

One method for obtaining the re- 
quired hard metal “case” is to treat 
steel in a bath containing molten 
sodium cyanide; another is “nitriding.” 
In the latter, gaseous ammonia is 
flowed across steel under controlled 
conditions. Nitrogen in the ammonia 
combines with the surface layer of 
metal to form iron nitride — an ex- 
tremely hard substance. Heat and time 
of processing determine the thickness 
of this protective “case.” 

Two pieces of steel often are joined 
together with copper by a unique 
process known as “brazing.” Copper 
heated in the presence of hydrogen — 





YESTSRDAY .... 

For over 40 years 
sport-loving 
Americans turned 
to Woilensak for 
binoculars, sport 
glasses, telescopes, 
spotting scopes. 

TODAY . . . Wollensak optical skill is de- 
voted to producing weapons of War . . . the 
gun sight shown in the official U. S. Navy 
Photograph above . . , lenses and shutters 
for aerial photography . . . binoculars and 
other precision optical instruments, widely 
used on the many fighting fronts. 

TOMORROW . . . The many fine Wollensak glasses 
will be available again — in greater quantities than 
ever before, improved by today's skill and preci- 
sion in manufacture. 


BUY WAR BONDS - TO PROTia YOUR FUTURE 


ROCHISTER, N. Y., U.S.A. 
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IMMIDIATI DELlVlKY 

LATKST TY^K INDUSTIIIAL A LABORATOIIY IQUINUNT 

HCAVY DUTY TWIN 
COMPHKSSOR 

Complete autometjc twin cylinder outfit 
fully equipped with a heavy duty H 
H.P. motor, air tank (300 lbs. test— 
150 lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge» check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs« pressure. Displace- 
ment 1.7 cu. ft per min. 

Modilf D N a y 4 

12^ X 24** tank A.C. UO or 220 f. 60 cyclo 

157.50 

16** X 30** tank A.C. UO or 220 v. 60 cyclo 

164.50 

Lario stock of air comprotfers. <4 H.P. to 20 
H.P. A.C. and D.C., alt roltafit, 1 to 120 
C.F.M. ditplacoaitfit, Iwilt for all reqalroaioiiU 
Additional data on rooutst 

(Slight Charot for Crating ) 



iRONZE QIAR ARD 
RENTRIFUQAL PUMRI 


No. 1 Oeatrtfufol 
No. 4 *' 

No. 9 



Inlet 

.1 


Outlet 


With 

Price A. O. motor 

S 0.50 ISB.00 

it.io sa.M 

li.M U.M 


No Uk Oeor 
No. 3 
No. 3 
No. 4 
No. 7 
No. 0 
No t1 


I 

I • 

1V4* 


Price • 9.00 

10.00 

11.10 

13.50 
15.00 

10.50 

40.50 


With A.O. motor 


(Slight Charge fbr Crating) 


ISi.OO 
37 SO 

31.50 
33.00 

37.50 

49.50 

on rofoeal 


DURAKOOL MEROURY SWITCHES 

Thte metol mercury switch overcomes faults of 
usual mercury switches May be turned a full 
360*. Hae thousands of known applications from 
tiny lab instruments to gigantic power controls 

i Amp $1,10 20 Amp .... 11.15 

3 Amp 1.05 35 Amp S.BO 

6 Amp .. 1.05 65 Amp. . 11.00 

10 Amp 3.00 300 Amp 50.00 


BLOWERS 

Many purpose 
stamped steel 
housing, flange 
motmting, quiet 
operating De* 
livers 60 c f m 
Complete with 
6' cord 6» plug 
no volt AO 

$12.95 


^AQ« TEMPERATURE REO0EOERS 




reoordlun 
thnrmometnrn 
have a 90 in. long 
oapillary bulb for 
mmota recording 
Accurately re> 
oorda temperature 
for each 24 hours. 


Temp Range 0* to -f50*P S1S4W 



Ideal spraying outfit for all liquids such as paints, 
enamels, etc. Can also be used for oleaning. tire 
inflating, and general purpoees. EquippM with 
Oerieral Electric Vs HP. ae. motor. ^Incy air 
compressor, adjustable safety valve, and 100 lb 
air gauge A heavy duty Plummer spray gun with 
15 feet of hose. Weighs only 60 lbs. 

Price .. $45t00 

Complete and ready fOr operation. 

(Slight Charge far Crating) 

HEAT RE 8 ULAT 0 R OUTFIT 


F«r Homs , a,, . 

Uit $Z1. 

Complete with 
accessories. 
Minneapolis 
Control Motor 
with G,E. Thermostat complete. Will 
operate on steam, hot water or hot 
air furnace controlling drafts and 
dampers automatically. 



FORCED DRAFT RLOWERt OOMPLETR WITH MOTOR 


TYPE 

HP. 

RP.M 

OU. FT. MIN. 

INLET 

OUTLET 

PRICE 

0 

1/20 

1750 

190 


32i' 

133.99 


Sk 

1750 

350 

6(5* 


35.99 

1 

1/6 

1750 

535 

9 *' 

48* 

39.99 

IV« 

'A 

1750 

950 

74*- 


ii.i# 

l(k 

<k 

1750 

1900 

9^k* 

7 • 

75.99 


PRICKS QUOl'KD ARB FOR A C. 110 V. 60 CTOUBS ONLY. 
OTHER VOLTAOKS ON REQUEST 

(Slight Charge fW Crating) 



PIONEER AIR COMPRESSOR CO., Inc. 

120-s CHAMBERS ST. NEW YORK 7. N. Y. 


one of the two components of the chem* 
ical ammonia— flows out like oil over 
glass on the surfaces between the two 
pieces of steel. When cooled, it hardens 
and forms a permanent bond. 

v The heating and cooling of steel dur- 
ing various treatments would cause 
scaling if done in the air. Tlierefore, 
this operation is usually carried out in 
an atmosphere free of oxygeiir— for ex- 
ample, nitrogen-hydrogen, or nitrogen 
alone. *'Bri^t annealing** is the apt 
name of this process, which assures 
a smooth, scaleless steel. 

nADRAIB NAfiMinit 
Lsavss Btlk HaaEs Frst, 

Ptmlls Dss t( letk Eyss 

I NSPECTORS as well as craftsmen doing 
high precision work frequently find 
need for a magnifier yet cannot use one 
which is fixed in position, or requires 
use of the hands. For such jobs there 
is available a Carl Zeiss binocular 
magnifier attached to a headband as 
shown in the accompanying illustra- 
tions. 

Giving a magnification of 2^ times, 
a practical power for most industrial 
purposes, the two lenses provide binocu- 



Mogniller leaves both bonds free 


lar vision which results in a large and 
clear field of view with ample depth for 
most work. 

No focusing adjustment is required 
and eyeglasses may be worn while 
using the magnifier. By raising the head 
slightly the eyes have an unobstructed 
view. 

Z-RAT TVUAILE 
Nakts PtsMUe PIdmt 
imi wy ARfli 

An X-ray machine incorporating a 
miniature turntable that enables physi- 
cians to change the position of a patient 
at will during delicate operations to 
remove foreign bodies from the lungs 
has been developed for the University 
of Pennsylvania Hoi^ital, according to 
Westinghouse engineers. 

The X-ray machine, called a biplane 
fluoroscope because it enables escamina- 
tions to be made in two planes— hori- 
zontal and vertical— has been installed 
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in the Hospital’s $200,000 department 
of radiology, one of the largest in the 
country. It will be used to locate such 
foreign bodies in the lungs as coins and 
safety pins. 

**The turntable makes it possible to 
position a patient so that X-ray pictures 
can be made from any angle, even verti- 
cal, without lifting or turning him 
bodily,” explains C. V. Aggers, Manager 
of the Westinghouse X-ray Division. 
“The result is greater safety and com- 
fort for the patient, greater usefulness 
for the biplane fluoroscope.” 

Noting that examinations with the bi- 
plane device will be conducted in dark- 
ness, Mr. Aggers points out that all 
possible obstructions have been elim- 
inated by design of the mechanism to 
assure freedom of movement in the 
examination room. The fluoroscopic 
assembly suspended from the ceiling 
and the examination table, riding on 
miniature trolley tracks across the re- 
volving turntable, constitute the only 
visible portions of the apparatus. All 
other parts are concealed behind a wall 
panel and under the floor. 

Aided by the biplane device, a spe- 
cialist removes the foreign body by 
means of a small forceps which is passed 
through a tube in the patient’s mouth 
to the lung. 

LAMP FOB Liri lAni 
Pr«|ecls a Bsaa Tisllilt 
Iff SO Baallcal Nflss 

A MIDGET searchlight only as big as a 
walnut yet so powerful that it will pro- 
ject a 1500-candlepower beam visible 
for 60 nautical miles has been designed 
by Westinghouse engineers to aid the 
rescue of aviators forced down at sea. 
The new lamp provides the most pow- 
erful beam ever obtained from such a 
tiny incandescent unit, reports Ralph 
R. Brady, manager of commercial engi- 
neering at Westinghouse. 

“Packed with the rubber life rafts 
with which all ocean-flying military 
aircraft now are equipped one of the 
tiny lamps will be worn by each man 
of a plane crew forced down at sea,” 
Mr. Brady declares. “The lights fit on 
a band aroimd the head, like a miner’s 
cap, so the man can have both han^a 



Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 
...The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 
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Iiil4 Tnr OvR SunhligM 
U> t. Amy l*anMl« Mlim 
PtnMm AnlHy 


I 


a. UBfUi 

in, in. 
In. liV 4 In. 


7/16 In. I 76. 
7/16 In. lU. 



Ifnde by Bnuaoh * Lomb A ParvoM. 
Parffotiy fround and blfhly poltobed. 

A ftw N lii« sliglitty MtA ntftl 
Mirrtrs m haiA 1221. at. 

NAND OLINOMeTERS, PENDANT 

U. 8. Army Bnirlneera, Qaoloftata, Bur* 
veylniTf Mappings etc. Magnifying Ifye- 
pleO# AaiEO 

Variable Rbeo* 
•tat. Ward Iico- 
nard vltrobm, 
double plate 8* 
dla. 6 to 16 amp, 
4 ohm, front or 
back oonneoted 
$18.00 
Ward Leonard 
Vltrohm Rheo* 
•tati. Variable 
600 ohm, .1 to 1.6 
amp., 86 etepe, 
field regulation 
type $1240 

D. 8. Army Qanaratora, Slmal Oorpa doublt cur- 
rant. hand drlvan; dallrera 6 velta at 614 AlfP8 
and 360 volta at 36 AMPS. 

BronM Oaara In Aluminum Cam 
Approxlmata Walght: 66 pounda 

Pric* 189.00. 

DYNAMOTORS D« 0i to Dt 0« 

34-760 volt. Oan. Baetric 300 
mlUa 637.66 

34-1000 Oan. Kae. 1000 oilllf 

6M.00 

13-350 ?olt 60 mlUa fiam 

13-760 volt 300 mllla 30.00 

33-360 volt 60 mlUa 6.M 

33-300 volt 60 mllla 7.66 

SHIPSOOMPASSES 

(U. S Maritime Oommlaalon) 

RITOKIB. KBLVIN AND WRITE. LIONEL, etc. 
7*, 4' card, underllt type with Olmbala and Ma- 
hogany Case. These are all used and need cal- 
ibration and minor repairs. An excellent souvenir 
138.60 each. 

MOTOR QERERATORS 

130 do. 110 or 320 a e., 500 cyoles. 350 watt. 

1128.00 to I176.00 

120 d 0 .. 110 or 330 a c . 500 cycle. 500 watt. 

1175.00 Co 6850.00 

120 d.o., 110 or 230 a.c . 500 cycle. 1 kw 

I87S.H te 6385.00 

130 d.o., 110 or 320 a.c . 500 cycle, 2 kw 

6300 00 ta f llB.fO 

130 d c , 110 or 320 a 0 . 500 cycla. 5* kw. 

6435.00 te $550.00 

130 d 0 to 400 d c. 3 kw . . 6385.00 to |875.M 
130 d c to 600 d.C 3 kw 6350.00 ie llES.OO 



Motors, Byoebronous, iso v. 
R P M tliR P 


TIME CLOCES 

Btromberg Electric. 1 10 volt, D O . Model 6. 
New (requires master) 655.a0 each 

tlEERS 

Untvaraat AC A DC ISO volt Portebla, 
Waatbarproof Dlmltad number. 



«. S. ARMY 
AIRRRAPT MIfRt- 


Manufae^ad I 

era flartrlo, 1., 

Bmil tfpa ^earbwi 
mieropbona tramilt* 


TUmSTIS MIITAIT OHM 

1 8/16* dia.— 1/16* thick. Pure matallta tungataa 
eontaeta. Mamimed — - 

$100 aa 


S0.00 



with 

Throw 


Platinum 


Weat. Blec. Anti- 
Capacity Swttch- 
ea. 14 Terminals. 
Contacts. Double 
1100 each 


Prisms. Binoculars. Bausch A Lomb, used. 

slightly chipped. 1 11/16 inch long 

by 3^4 inch wide |8.a6 


“VHd«r.RMt" RtvolHtlM Oowiter 

jBBDnJ. 

mSr 

six number, (999009) non- reset, dimensions over- 
all 6 ‘,4" long. IVa* wide, and 1-5/16" high Nu- 
meral Va' high, nickel plated Special . .67.50 

aiOB PBBQITgNOT OBNBBATOBO— AO 

4600 RPM. Ball Bearing. Self Excited 

400 cycle 115 Volta 300 Watts $65.00 

350 Watto . 30.00 

500 Watto .... 95.00 

300 Watto 65.00 


500 cycle 
500 cycle 
600 cycle 
900 cycle 


118 Volts 

115 Volts 

116 Volts 
no Volts 300 Watto 


45 90 


U. S. Navy Diviri Lantern 

Electric 150 watt, any voltage solid cast 
brass. 300 lb, test. Weight 12 lb. 

Price S840 


U. S. AEMY TELEGRAPH SET 

signal Corps telegraph key and sounder 
mounted on mahogany board. Oper- 
ates on 2 dry cells. For Morse Code. $$•$$ 


GLASS MEROURY TUBE SWITCHES 

3 amp $1.95 10 amp $2.26 

20 amp. .. 


10 amp 

, . .. $2.95 


Telegraph and buseer portable sets, mahogany 
case, 3 tone 4 contact platinum point high fre- 
quency busser, 3 telephone toggle switches, po- 
tentiometer, sending key. 3 mfd condensers, 
transformer and 3 choke coils, receiver. . flt.OO 


Webster '/a' spark ooil, 110 volt, 60 cycle 30 
watts, with vibrator 65.66 


EDISON STORASE BATTERIES 



CsUs ATS In szcsllsnt condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 80 years. Two- 
year unconditional Quarantee. 


A -4 Amp. Hra Ba. $8.00 

A-6 Amp. Hrs. S86........,.M................................Ba. $.00 

A-7 Amp. Hrs. 868 Ba. 7.00 

A-8 Amp. Hrs. 800 Ba. 7.00 

B-2(J-8) Amp. Hrs. 17 Ba. 6.80 

M-8 Amp. Hrs. 11 Ba. 2.00 

L-20 Amp. Hrs. 18»..............m..«.*..................MBa. 8.80 

L-40 Amp. Hrs 440 

AU cells 1.8 volta each 

Above prices are per unit celL For 6 volt system use 
6 cells, 12 vt.— 10 cells, 110 vt.--88 cells. Note: On all 
cells 76 amps, or less an additional charge of 10% Is 
to be addsd for trays. 

MUnunMI OECTMCU MIUM inH.lllt,12ll aMMKSt.llUAY. 

Dgpt. S* ts 


For use on Hie rofle 

free to hold on during rough weather 

‘‘One half of the lamp bulb is sil- 
vered to provide a reflector,” he says. 
“The lamp thus becomes a complete 
optical package in itself and requires 
no metal reflector or glass lens. An 
ordinary six -watt lamp diffuses its light 
in all directions whereas this lamp 
projects a beam that belies its size.” 

Navy specifications called for a lamp 
that would provide a light beam visible 
for at least 10 to 12 miles. Westing- 
house engineers more than met the re- 
quirements by producing a lamp with 
a theoretical range of 60 nautical miles 
or about 70 land miles. Water vapor in 
the air reduces this range somewhat in 
actual practice, however. 

“If burned all night long, one of the 
sea rescue lamps would last about 10 
nights or 100 hours,” Mr. Brady points 
out. The lamp is mounted in a water- 
proof housing to protect it from damage 
and contains a single tungsten filament. 

METAL SALTA6E 
CtBlaclii SB iBitBtivs Seals 
By Elscirieal NsBaiaclBrsr 

It's A familiar saying that every part 
of a pig is used except the squeal. 
Now this axiom is the catch-word at 
the Stromberg-Carlson Company, 
where equal care is taken to make 
certain that not a bit of the metal used 
in the manufacture of radio and tele- 
phone equipment for the armed forces 
is wasted. 

The firm began an intensive salvage 
program several months ago and since 
that time tons of brass, aluminum, 
bronze, steel, lead, and copper, which, 
as manufacttiring waste were normally 
thrown away, have been turned back 
into industry to be prcxessed into use- 
able material. 

Large metal pieces such as aluminum, 
copper, and brass stampings are first 
sorted according to size and quality 
and then turned over to nearby metal 
foundries for re-smelting. Scraps of this 
type average well over 58,000 pounda 
a month. Steel borings and stampings 
net more than 38,000 pounds in a 
month’s^ time. 

From craftsmen's benches, where 
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delicate electrical apparatus is assem- 
bled, come a large supply of usually* 
wasted solder ddppings. This now- 
valuable metal, which splatters from 
the workmen’s soldering-irons, is sent 
to a lead works at a monthly rate of 300 
poirnds. 

Even small copper wire ends, snipped 
of! during wiring assembly, are re- 
trieved, along with worn copper tips 
of soldering-irons, running into more 
than 250 pounds every month. Discarded 
braided wire is accumulated, the in- 
sulation burned off, and stored for sal- 
vage. Tiny, powder-fine metal filings 
are tediously collected, and packaged 
for the smelters. 

Defective radio tubes, amounting to 
125 pounds a month, are turned over 
to refineries which retrieve the valuable 
nickel, gold, silver, tungsten, and brass 
which make up their construction. 

coMciRE crane 

Test Ssclisas Itpl la 
Air-Ciaillloasd Issb 

Specimens to test durability and 
strength of all concrete going into the 
construction of dams, highways, build- 
ings, and sidewalks by the City and 
County of Denver, Colorado, are cured 
in a Carrier air-conditioned room at 
the Materials Laboratory of the Denver 
city government. 

To test concrete’s ‘‘curing” propensi- 
ties, the laboratory has constructed a 
storage room approximately 14 by 18 
feet, in which a temperature of 70 de- 
grees, Fahrenheit, and 100 percent 
relative humidity are maintained the 
year around with variations of no more 
than two degrees, Fahrenheit. Walls 
and roof of the room are fully insu- 
lated and all electrical conduits and 
light fixtures are moisture-proofed. 

When the temperature in the curing 
room rises above 73 degrees, Fahren- 
heit (maximum permitted by Ameri- 
can Society Testing Materials) , the 
refrigerating unit pumps a refrigerant 
through the air-conditioning coils, thus 
cooling the air current as it passes 
into the room. When the minimum tem- 
perature (68 degrees) has been reached, 
the refrigerating unit automatically 
turns of! and heaters turn on. The air 
current then circulating in the room 
is warmed. This cycle of alternate heat- 
ing and cooling may be continuous. 
However, it has been found that in the 



Air conditioned lor concrete curing 


warm summer weather the heaters can 
be dormant, and similarly the refriger- 
ating unit can be switched off in cool 
weather. The humidity is maintained 
by water being atomized continuously 
through a small nozzle, th\is creating a 
dense fog. The blower which circulates 
the warmed or cooled air and also dif- 
fuses the water vapor operates almost 
continuously. 

WOODEN-WHEELED TIAILEI 
iMprovitfd !• ExpsIlU FtMiry 
ProdnetidB 

An example of ingenuity in meeting 
today’s production schedules was 
brought to light recently at a plant of 
The Cooper-Bessemer Corporation. 

Faced with a problem of shortage in 
foundry floor area due to increased 
output, fovlndry workmen were cramped 
for space to store huge engine castings. 
To relieve this condition, some of the 
flasks and castings were placed on old 
flat cars and moved out of the foundry 
onto rail sidings for the necessary 
period of gradual cooling. When this 
expedient failed to solve the problem 
entirely, low flat platforms were con- 
structed from scrap steel and discarded 
parts, and two heavy wooden wheels 
added to permit portability. 

Now, castings weighing up to 16 tons 
are placed on these improvised trailers 
and moved about at will by simply 
coupling the trailer to one of ^e shop’s 
electric-powered utility trucks. 

The loaded trailers are usually 
parked in the yards outside the plant 
for cooling or for temporary storage. 
The same method is also used to save 
time in transporting the castings to and 
from the chipping and painting depart- 
ment located in a separate building. { 



Woodmi wheels on the trailer Voived one plant's storoge problem 
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TODAY Is yesterday^s tomorrow. Has it 
added anything to your life? Have you 
moved forward in thought as well as in 
time? Those who wait for today’s events 
to give them the cue as to what to do, will 
find themselves lagging behind. The present 
is only a pedestal for progressive men 
and women to stand upon to see beyond, 
to look ahead to the great tomorrow. All 
about you are only the evidences of what 
has been done. They arc now history — of 
the past. Can you visualize the tomorrow, 
next week or a year from now? If you can- 
not, you are a slave of the present, and 
marked for a life of uneventful monoton- 
ous routine. 


This FREE book will give you 
a new view of Life 

YOU CAN potMM the ittugination, th« ermtive 
thought ami for-raaching viaion that hoa produced 
•ome of tha world*! moat dynamic character!. Be- 
hind every new development, act of progreae or 
aucceee was e eilent thought — a creative idea. Thou- 
eande today, in the privacy of their homee, un- 
known, unheralded ore using secret principle for 
stimulating the creative, unused faculties of mind. 
From their thoughts will come the new industries, 
finance, business and civilization of tontorrow. 
SHARE THEIR SECRET of occomplbhment by 
writing your request for this book to the Rosicru- 
cions. Therein will be explained how you too may 
acquire these teachings which can mean so much to 
you in the new tomorrow. Address: Scribe X. N. U. 

Dl^ ROSICRUCIANS 

{AMORC} 

SAN JOSE CAUFORNIA 

(The Rosicrucians are NOT a religious organ iz at i on.) 



Just Off the Press 

Free Fail 
Catalog; 

Showing Hunting 
Footwear. Clothing, 
and forty - three 
other leather and 
canvas specialties of 
our own manufac- 
ture for campers 
and hunters. 

L L BiaR, InOf 

Cafolog Dept. #19 
Freeport, Me. 
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MODEL STEAM MARINE ENOINS 



Our preolflion one»cyllndor Marine Bngine le a 
favorite with model makers who want the best 
In engineering design May be built with elutch 
or reverse gear. Ifaa oil and water pump with 
automatic return feed and operating valves Not 
a toy but an en^neered model operating at pres- 
sures comparable to the moat modem marine 
construction. Will drive boat hulls up to 40 
Inches long. Scale Vs* to one inch. ll\ii overall. 
6*/^* high. 4* wide Send $2.50 for eleven pages 
of scale drawings Including boiler layout and two 
actual photographs, or aSc for photograph show- 
ing two views including boiler Sets available of 
rough or semi-finished eastings. Also completed 
enginee shop tested 

THE THOMPSON ENQINEERINQ OOMPANY 

Orand Ropids R, Michigsin 


ISW/ofFREEUTEMTIIIIE M I 

BATENTf 

gc.A.tNOW«Cft 

Pstent Ast0m€ys Since 1 87} 

1 430 Snsw BI4|. Waihington 1, 0. 0. 


ALNltO RiAQNETS 

No more Floating Bars, but 
we have some small Horse- 
Shoes Vk A X ^4 ...Pair $1.21 
Lifting er holding magnets 

like cut each 4.00 

Medium site each 2.00 

One Ounce magnet in a 1* x 
r X i‘9*' frame will sup- 
port 4 lbs each I.OO 

i^r X Watch else Oear 
Box 160 to 1 ratio 

350 3 for $1 00 
aV^ X Uk A.O no volt Clock 
Motor 16 minutes per one 
revolution 1 60 

BUN, MS Pty Mtw Ytrfc I, N. Y. 



End damp air with 

DRI-AIR" 


OR2-AIR draws excess mois- 
ture from air In damp base- 
ments. Protects tools and ma- 
chinery aninst rust, mold 
mildew. Complete DRI^AIR 
outfit $6.60 f o.b. Ohicago. 

Order now I Dealers write today I 
TAMMS SILICA GO, 
ati-S North LaSalle Chleage. HI. 
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SAorf- Cuf Maf/remaf/cs 


r OMBI Nto WITH 


Prac/^ica/ Mec/ianici^ 


NBW S-lii*! reading eeureet How you can team 
the tpeedy. timplUMd eyeteni of calculation uwd bf 

on the atasa Learn eaty way to multiply 4 Rfutee 
by 4 flfurw without u^ old-fuhiQiMd muIttpU* 
catkn, add tong eohimne of Agurca thu lightr^ 
«hort*cttt nwthod. Learn horeepower. alute nite, 
nderonictw. tegarithim. wood tneaeure. puntea. etc . 
ole. Laigc iOuetrated vnhtme complete with ancwert, 
only $1 poetpetd. Battefaetloii or refiind. Amaee 
|w;MfHenaiwithy«i>rmm><^U]wnw^ 
litif fli—liii eoloMi...sMi o—oe thhaYl 



NELSOE WrSaTiTmmk Ript k-3qb, cmcmr 

PteSM MAdhaedetaite about ’*ahort-CuB r' ‘ ' 


lOTAU n mwtn 

(ContiniAScI from page 153) 

which cannot be used if heated, during 
repair, to temperatures over 1300 de* 
grees, Fahrenheit Tungsten-carbide and 
high-speed steel tool tips are also 
being appHed to ordinary steel shanks 
by ^ver-bradng, thus saving tons of 
critical tool alloys by confining their 
usage Just to the tips of the toc^. 

The use of silver for brazing has 
grown the fastest of all silver applica- 
tions during the war and will continue 
to expand in the post-war period, as 
will the use of silver- beaHngs and 
solders. These are all applications of 
silver involving more than just replace- 
ment of scarce materials-~applications 
in which engineers are discovering that 
silver and its alloys have superior 
qualities of their own and can compete 
economically and technically with the 
more familiar industrial materials. 

Other applications of silver that have 
post-war as well as wartime importance 
are its use, especially as a surface 
layer, for corrosion-resistant chemical 
process vessels and piping, its use for 
certain types of food or drug containers, 
its employment as a surfacing for per- 
manent electrical connections (to defeat 
oxidation) and its application as a re- 
flecting surface on head lamps, search- 
lights, flashlights, and so on. One of the 
largest industrial uses of silver — ^in pho- 
tographic emulsions — is an old standby 
that will grow as photography does. 

And, of course, sterling silver, silver- 
plate for tableware (the Army and 
Navy are today using astonishing 
amounts of silver-plated steel eating 
utensils), coinage, and the use of silver 
for currency -backing will be with us in 
force as long as we have artistry, es- 
thetics, meals, and governments. But 
this takes us back to the starting point 
of this article, which starting-point we 
suggest that the reader now re-read. 


^ % 

rRWREI lAlMUS 
Cam Mi w bs Nsaswsd am 
Slaf It Ntlil CralM 

Quautt control of the production of 
many metals and metal products is 
exercised through hardness testing. 
With powder metallurgy parts (made 
by pressing and sintering metal pow- 
ders), however, conventional hardness 
testing has been generally unsatisfac- 
tory because of the porosity or the 
duplex structure of such parts. 

Recently devised is a **micro-hard- 
ness tester” that is able not only to 
measure the hardness of microscopic 
areas of such materials, but also to 
determine the hardness of individnal 
powder partkles. Ordinary hardness 
testers employ indentors that are con- 
siderably lar^ than individual grains 
and thus give an average reading of 
alternate piurticles and voi^ rather than 
the actual hardness of any single parti- 
cle. 

Essentially, the new instrument con- 
sists of a diamond penetrator (like that 


in 


THE HENRY SYSTEM 
Of FbiSMT Print 
ClassHleation 
and 

IdantHIcatton 

it now In itts by most 
of the Police Departmentt in the 
United Stetct* It it eito the tyttem 
which epplicentt for many Civil 
Service potitiont mutt matter before 
they can tuccettfully fill ell require* 
SMntt. 

The only hook bated on the Henry 
Syttem it Frederick Kubne’t 

•*THE FINGER PRINT 
INSTRUCTOR” 

In thif 182-pege book, written by e 
noted finger print expert who wet 
for many yeart in the Bureau of 
Criminal Invettigation, New York 
Police Department, will be found 
complete inttructiont on every phete 
of the work from taking the printt 
to final identification. Numerout 
pbotographt end reproductiont of 
prints make all details clear. 

Used by many governmental and 
induitrial pertonnal department! 
end by the F.B.I. 

A4.25 pottpeid 
New 1942 Printing 

Orfier Frois ICIENTIFIO AMERIOAN 
14 West 40Hi Itriet, New York 18, N. Y. 


New Book on 


ARC WELDING 



Mgw Edition * 'Procedure Handbook of 
Arc Welding." Bigger than ever. Wider in 
scope. Latest information on all phases of 
arc welding— the ace process of war pro 
duction and key to progress and increased 
earning power in post-war era. 
Authoritative. Recognized the world ovet 
as the "bible" on arc welding design and 
practice. Many thousands in use by weld 
ers, designers, engineers and shop man 
agers. Standard text in hundreds of schools 
and colleges. 

i30S pages • tSlO llluatrationa 
Six# a^'Ka^xiVs' 

A * 5.00 Value $| 50 ***** 
for only *•« 

<n.00 outtid. U. a.) 

Order your copy today. 

Mall order and check to 

SCIENTIFIC AMERICAN 

M W. eOHi StfMt 
Nmr Ywk tt, N. V. 
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used in the well-known Vickers hard- 
ness tester) mounted so that it can be 
attached to a microscope in place of the 
objective lens. The microscope has 
crosshairs in the eyepiece and, by 
properly alining the diamond, it can 
be made to touch the sample at a point 
directly in line with the crosshairs—in 
other words, right over any selected 
particle of powder, for example. 

The pressure necessary to force the 
diamond penetrator into the grain of 
powder is furnished by a carefully cali- 
brated spring. When an indentation is 
made, the diagonals of the diamond- 
shap^ recess are measured by any one 
of several standard microscopic means, 
the indenting force represented by the 
spring is already known, and from these 
values a single calculation gives the 
micro-hardness of the particle. 

With this instrument hardness meas- 
urements have been made directly on 
a single tungsten carbide particle for 
the first time, and the material was 
found to have a diamond pyramid 
(Vickers type) hardness number as 
high as 1850. Previous values, using 
ordinary instruments, had always been 
much lower because some of the softer 
cementing material was unavoidably 
tested along with the carbide. 

Other data provided by the new 
tester show that annealed sponge-iron 
powder and annealed electrolytic iron 
powder have about the same hardness 
(about 50 diamond pyramid num- 
bers) . 

The instrument is certain to be 
widely used to advance both the knowl- 
edge of hardness and the science and 
practice of powder metallurgy. 

WCLDnC FBOfCi 
Wirt Frt4i«litB Strvts 
■s Acmalf fai4tx 

An index of the expanding use of weld- 
ing, aided by the war-effort Impetus, 
is ^e production of welding wire (for 
filler-metal rods and electrodes) in 
1942. Official data of the American Iron 
and Steel Institute reveal that 800,400,- 
000 pounds of steel wire for welding 
was made last year — nearly double the 
453,120,000 pounds for 1941 and more 
than three times the production in 1940. 

Almost 13 pounds of welding wire 
were made in 1942 for each ton of fin- 
ished steel produced. This compares 
with about seven poimds in 1941 and 
less than five pounds in 1938. 

CAST snes 

Civt OBlitaaiimf FtrfeniaBCs 
1 b Shell FroSaetlea 

The old idea that all "cast iron’* is a 
weak and brittle material has been dis- 
pelled by the use of specially-processed, 
high-strength iron castings for jobs 
where resistance to impact and other 
stresses is required. 

Outstanding among examples of this 
is the just-revealed use, especially in 
Great Britain, of high-strength cast 
irons of the Meehanite type in the con- 
struction of cast-to-shape dies for fdrg- 


ing shells and bombs. Some of the ser- 
vice requirements— for example, the 
horizontal nose-forging of three-inch 
shells at 2100 degrees, Fahrenheit— are 
extremely severe, yet the cast dies in 
the case mentioned have produced 
more than 8000 shells without failure. 

A grade of alloy iron castings con- 
taining nickel, chromium, and molyb- 
denum has out-performed forged-and- 
machined steel dies for this service in a 
dozen British installations, giving an 
average die-life of 18,000 shells, com- 
pared with an average of 11,000 for the 
steel dies. 

Tim CASc-HABumme 
AeeeMfllsIitd by lie el lltra- 
Hifh FreisMcy Bsclllaters 

Induction heating of metals has made 
tremendous strides in recent years, and 
much publicity has been given in re- 
cent months to the use of vacuum-tube 
oscillators with frequencies up to one 
million cycles for producing hardened 
cases 5 to 30 thousandths of an inch 
thin. 

However, if the operating frequency 
is increased from one megacycle to 
four megacycles, the thickness of the 
induced-current carrying layer is re- 
duced one half and the heat developed 
in this area is doubled. By applying fre- 
quencies of five to 15 megacycles to 
small parts, such as end bushings on 
a 0.63-inch hollow spindle of 0.35 per- 
cent carbon steel with 0.12-inch walls, 
for 7/10 of a second, ultra- thin (one 
thousandth of an inch), uniform, and 
very hard (Rockwell C 55) cases are 
produced. 

The operation is self-quenching (no 
water- quench is required) since the 
mass of the cold part is relatively so 
much greater than the thin heated area 
in contact with it. The very short time 
at heat also fails to put all carbides in 
solution and the combination of hard 
martensite and carbide particles in a 
low-carbon steel surface may have in- 
teresting properties for special services. 

cimsTici raiNcu 

Vsw N«4t if Steel; 

Last Nacb Leifer 

Wren walnut stocks for rifles are be- 
ing produced they are made automati- 
cally on copying lathes. The roughed- 
out wooden blank is placed in a lathe 
with a metal facsimile and is automati- 
cally turned to the required shape by 
cutting tools which are guided by the 
metal former. Previously, these formers 
were made of iron and their life was 
relatively short. 

Today, however, Winchester is mak- 
ing these formers of steel, the new 
formers having a life approximately 
10 times that of the older iron type. 
The development which has made pos- 
sible this improvement in gun stock 
manufacture is the Keller automatio die 
sinking machine. Heretofore no method 
had been available to shape satisfac- 
torily this harder metal which is also 
more durable imder production condi- 
tions as they are today. 
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New Prodacts 


Wn-MT BBLT 8 »DBR 

An abrasive belt grinder, recently 
announced, can be adjusted from ver- 
tical to horizontal position while it is 
running. The belt tension and tracking 
device can likewise be adjusted while 
running, by two conveniently located 
handles. 

The Hammond “600'* Wet-N-Dri 
machine illustrated is equipped with 
tank and pump unit and can also be 
equipped for water-main connection 



Belt 

grinder 

which 

con 

be odiuated 
from 

vertical to 
horixontol 
while 
running 


only. Both types are provided with 
damper or spray control and two noz- 
zles for uniform spraying Should dry 
operation be desired at any time on 
either machine, it is necessary to 
merely turn off the water, remove 
drain connection and attach air exhaust 
.system at this point. 

Squaring, champfering, forming radii, 
grinding flat surfaces, rounding, polish- 
ing, and removing shaper marks are a 
few of the many present-day produc- 
tion operations being done on abrasive 
belt fifrinders. 

DOST COLLECTOR 

Designed for use with small portable 
grinders, a new work bench has oeen 
developed by Schmieg Industries which 
completely solves the dust problem in- 
herent in this type of work. 

The bench, as shown in the photo- 
graph, has four flexible hooded intakes. 
A motor -driven blower located under 
the bench top draws dust through the 
intakes, and discharges the air through 
filters. The flexible suction tubes of 
the intakes makes it possible for the 



Flexible hoods lor lour mochlnea 


operator to place the hood in any de- 
sired position so that the high-velocity 
suction may be concentrated at the dust 
source. Heavy dust particles settle out 
in a plenum chamber, while fine parti- 
cles are removed by the replaceable 
filters. 

TDDNF-IIDI DCTECTOR 

For general application on belt con- 
veyors carrying non-magnetic mater- 
ials, a new magnetic control has been 
developed to detect the presence of 
tramp iron. When such material, which 
might damage equipment or otherwise 
cause trouble, passes into the magnetic 
field set up by the detector, a relay is 
actuated to shut down the belt drive 
motor. When the tramp iron is removed 
the motor can be restarted. Operation 
of the magnets in these detector 
units, made by Dings Magnetic Separ- 
ator Company, requires a source of 
constant voltage direct current. 

ELECTRICAL NARIER 

For placing freehand numbers, sym- 
bols, and identifications on soft or 
hardened steel, alloy steels, other fer- 
rous alloys, wrought iron, and cast 
iron, a new unit consists of a special 
transformer with ten voltage stages 
controlled by a convenient rotary 
switch, a hand-held marking pencil, a 
ground plate for use with small work, 
and a ground clamp for large work. 
The voltage selection makes it possible 
to obtain any desired depth of mark- 
ing, from the faintest line to the 
heaviest arc required for penetrating 
through scale or dirt on castings or 
heat-treated parts. 

The marking point is made of a heat- 
resisting alloy and is threaded into the 



Handheld marker for metals 

holder at an angle so that it stands 
vertical to the work when the holder 
is placed in normal writing position. 

Use of this device, made by the H. P 
Preis Engraving Machine Company 
eliminates the necessity for stamping 
parts before heat-treating them and 
is represented as a clean, fast, and 
economical marking method, requiring 
a minimum of cleaning and surface 
preparation. 

FUSTIC STPHRR 

Designed for easy transfer of liquids 
from carboys, a new plastic syphon 
tube is equipped with valves which 
enable the syphon to remain primed 
as long as any liquid remains in the 
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carboy. The intake section of the tube 
is filled throuidt a ball valve by the 
use of a hand operated pump. The dis- 
charge end of tibe syphon is controlled 
by operating another valve. This unit, 
called Safety Syphon, is available 
through the Central Scientific Com- 
pany. 

NACMETIC ADAFTEB 

A PERMANENT-MAGNET clamping block 
that has wide applications in set-up and 
inspection layouts is shown in the ac- 
companying illustration together with a 
standard and swivel arm. Known as 
the Windemere Magnetic Adapter, this 
unit can be used not only as indicator 
holder but as a general work-holding 
block for anchoring parallel angle iron 



and other work pieces in any given po- 
sition The adapter weighs approxi- 
mately 20 ounces and is furnished with 
an upright center post either 3/8 or 5/16 
•of an inch in diametei 

WHEEL ADHUnre 

tiicsAT penetration, high bonding quali- 
ties, and long-weanng strength are 
qualities provided by SUkum, a new 
polishing wheel adhesive that does away 
with cooking and mixing operations. 
The grinding surface obtained witli 
Stikum is reported to be more flexible 
than with either glue or cement, to re- 
sist friction heat, and to wear uniformly 
to the last gram 

E0PEB-STBEM6TH BONDIBC 

Rubber, synthetic rubber, plastics, 
leather, or wood may now be united to 
metal or to each other with a bond 
stronger than the materials themselves, 
by means of a new process announced 
by The U. S Stoneware Company. 

Already in use for vital war applica- 
tions, the new method (known as the 
Beanite bonding process) holds promise 
of making possible metal -and -plywood 
panels to form light weight, fire-proof, 
water-proof structural assemblies for 
pre-fabricated housing units, boats, air- 
plane or motor car assemblies, kitchen 
•cabinets, refrigerators, furniture, and 
so on. Composite metal and plastic 
parts may be molded; rubber and metal 
spring assemblies for smooth, soft, 
quiet, and vibration-free riding are 
reasonable possibilities arising from this 
development 

Application of the Reanite process is 
simple. The surfaces to be joined are 
brushed, sprayed, or dipped with 
Reanite After drying, mild heat and 
pressure is applied. The joint is said 
to be unaffected by fresh or salt water, 
is non-corrosive to metals, and pos- 



A strong rubber*to-motal bond 


sesses excellent corrosion -resistance in 
itself, as well as high dielectric strength 

Repeated laboratory and field tests 
indicate that it requires a direct pull 
in excess of 30,000 pounds to separate 
two six inch square pieces of steel 
bonded with Reanite. On repeated tests 
of bonds formed between natural 
rubber, synthetic rubber, plastics, 
leather, and wood, the materials them- 
selves gave way before the bond 

ACID ETCHIBC 

A NEW portable inspector’s acid etch- 
ing kft for indelibly marking metal 
production parts consists of an acid- 
proof housing, a bottle of acid, a bottle 
of neutralizing liquid, and a set of 
marking stamps made of an acid-re- 
sisting synthetic material. 

Within the housing is a stamp pad 
'>aturated with the acid When this 
housing is tilted to uncover the pad 
the operator touches the desired stamp 
to the pad, withdraws it and then allows 
the cover to close so that acid fumes 
will not escape After the stamp is 
touched to the work to be marked a 
drop of neutralizing liquid is applied 
to prevent further etching 

WOOD SEALED 

Sealing materials foi use m water- 
proofing wood crates and boxes are 
now available which not only seal the 
lumber itself, but cracks and joints as 
well. These materials, made by the 
Carbozite Corporation, come in two 
forms The surface sealer is a liquid 
which applies with a spray gun and 
dries in approximately 30 minutes. It 
is claimed to seal the natural moisture 
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A company with a nationally 
known product would Hko to 
consider ideas ood inventions 
suitable for post-war uso in 
the industrial and commer- 
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centralised iubricotion, etc. 
Also hydraulic, vacuum, or 
pneumatic actuated mechan- 
isms, pistons, valves, etc., at 
used in the Aircraft ond 
Automotive field Also pas- 
senger and Industrial eleva- 
tors, automatic* leveling de- 
vices, controls, etc., and sim- 
ilar items such os portable 
lifting and stocking trucks or 
mechanisms used about fac- 
tories, etc. 
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into lumber, thus preventing drying, 
shrinking, and warping. Wie joint 
sealer is In mastic form and is ay. lied 
with a trowel op pressure gun. It is 
claimed that the mastic will bond per- 
fectly with the surface sealer and will 
remain pliable indefinitely. 

lEAUNO WASm 

In the manufacture of many instru- 
ments and machines, the utmost care 
must be exercised to make sure that 
the bearings are absolutely elean be- 
fore assembly. Realizing this, the en- 



Washlng machine, with door open 


gineers of the Metal Washing Division 
of American Foundry Equipment Co., 
working with an important manufac- 
turer of instruments, perfected a simple 
but highly efficient unit to clean bear- 
ings individually without exposing 
them to room air or handling which 
would result m rusting from finger 
smudges. 

The bearing washer consists of a 
solvent container, a fractional horse- 
power solvent pump, a solvent filter, 
and the proper bearing adapters. If 
it is necessary on certain types of work 
to remove excess solvent from the 
cleaned bearings, an air hose connec- 
tion providing clean filtered air can be 
built into the cleaning unit. 

The solution is continuously recir- 
culated and before reaching the nozzle, 
it passes through a filter to remove 
all minute dirt particles All parts of 
the machine are Parkerized to provide 
rust protection. An non-breakable 
plastic door is included to allow the 
operator to view all operations. 

COUNTIISOil STOP 

Based on the principle successfully 
used in engine valve-spring design, a 
split keeper which gives positive set 
to the retainer collar on bearings is 
now incorporated in micrometer stop 
countersinks manufactured by Aero 
Tool Company. With this positve lock- 
ing feature, no amount of vibration 



New mlcromeler couaterslnk flop 


will loosen the bearing retainer and 
cause damage to the tool or material, 
it is said. 

The keeper insert works on the 
slotted, taper shaft principle All force 
is directed toward the shaft center 
under constant, even pressure. 

Lightning-quick service is now 
possible with this added feature. The 
unit may be immediately disassembled 
by hand. No tools are required. On- 
the-job oiling and other required serv- 
icing becomes a matter of moments, 
thereby speeding operations. 

WATEBPBOOP CLOTH 

An extremely thin, invisible, yet 
waterproof coating for such materials 
as cloth, paper, and ceramics may be 
obtained through the use of a new 
liquid known as Dri-Film. This liquid 
vaporizes at a temperature somewhat 
below that of boiling water and the 
vapor is used to form the waterproof 
coating. Application of the vapor is 
made in a closed cabinet. 

6L0SS NEASUBCimiT 

Designed for measuring specular gloss 
of paints and varnishes, ceramics, 
paper, and machined or polished sur- 
faces, a new photoelectric Glossmeter 
is particularly suited to register changes 
in specular gloss as a result of age, 
wear, abrasion, exposure to moisture, 
heat, light vapors, or sprays. 

The Glossmeter comprises the in- 
strument proper and the search unit 



GloMimetar search unit li at right 


which is connected to it by a flexible 
cable. The search unit may be placed 
on the sample to be tested, or the unit 
may be positioned with the opening 
pointing upwards so that the sample is 
placed on top of it. The search unit 
may, furthermore, be turned with the 
opening sideways for convenient meas- 
urement of vertical surfaces. The 
samples can be of any size and mav 
be measured in rapid succession. The 
instrument is portable and will be 
found valuable in the laboratory as 
well as in production control, in the 
field, and in test fence work. 

The operation of the Instrument is 
simple and convenient, and requires 
no training on the part of the user. 
The search unit is first standardized 
to give a reading of 92.5 for pelished 
black glass. Then the search unit is 
placed on the sample, and the needle 
indicates directly the gloss in terms of 
an ideal, completely reflecting mirror 
as ^000. 
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Cvrreal Bulletin 
Briefs 


Conducted by 

K. M. CANAVAN 


(Th* Editor will opprocioto it 
il you wUl montion Sclontlllc 
Amoricou whoa writing for any 
of tho publicotiono liitod bolow.) 

Industrial Air Power is a 24-page 
comprehensive pamphlet describing 
and illustrating a large number of air 
operated devices now in use by Ameri- 
can industry. Mead Specialties Com- 
pany, 15 South Market Street, Chicago 
6, Illinois. — Gratis, 

Can Glass Help You Fill War Con- 
tracts? is a 16-page illustrated 
pamphlet describing some of the war 
activities of a glass manufacturer, with 
emphasis on those characteristics which 
make glass adaptable to a wide range 
of applications. Lihhey Glass Company, 
Toledo, Ohio. — Gratis. 

How to Take Care of Your Clothes is 
a 30-page pamphlet which tells of 
the importance of the proper selection 
of clothing material and how best to 
prolong the life of such materials. Dan 
River Mills, 40 Worth Street, New York 
13, New York. — Gratis. 

Air Express Wall Chart is an 11^ by 
26 inch chart which gives specific 
information on shipping by air express 
— what can be shipped, how to secure 
priorities, weight and size limitations, 
and so on. Railway Express Agency, 
Inc.. 230 Park Avenue, New York, New 
York. — Gratis. 

Tests op Riveted and Welded Joints in 
Low-Alloy Structural Steels, by 
Wilson, Bruckner and McCrackin, Jr., 
is a 76-page bulletin reporting results 
of a recent investigation in this field. 
Bulletin Series No. 337, Engineering 
Experiment Station, University of Illi- 
nois, Urbann, Illinois — 80 cents. 

Welding Positioner is a 4 -page folder 
describing and illustrating special- 
ized equipment for speeding up weld- 
ing operations. Lyon-Raymond Corpo- 
ration, 1207 Madison Street, Greene, 
New York. — Gratis. 

Meeting Today's Emergency is a 2-page 
circular describing modem designs 
in completely flexible wood partitions 
for office and industrial use. Martin- 
Parry Corporation, York, Pennsylvania. 
— Gratis. 

Cemented Carbide Die Manual is a 32- 
page booklet covering standard and 
special dies for drawing wire, bar, tub- 
ing, and sheet metal. Carboloy Com- 
pany, Inc., Detroit, Michigan. — Gratis. 

Ebonol is an 8-page pamphlet describ- 
ing in detail a simple procedure for 
direct low-temperature blackening of 
various metals. The fmishes are pro- 
duced in the form of stable, adherent, 


hard oxides. Also available are four 
pamphlets giving operating instructions 
for the above processes. The Enthone 
Company, 442 Elm Street, New Haven, 
Connecticut. — Gratia. 

Care and Conservation of Brushes is a 
booklet which gives reasons why 
proper care of paint, varnish, and 
lacquer brushes is imperative, together 
with suggestions for such care. The Os- 
horn Manufacturing Company, 5401 
Hamilton Avenue, Cleveland, Ohio . — 
Gratis. 

Primer of Electronics is a 4- page 
simplified introduction to the elec- 
tron and to the principles which govern 
its use. General Electric Company, 
Electronics Dept., 1 River Road, Sche- 
nectady, New York.— Gratis. 

Vulcan Service to You in the Post- 
War Economy is a 24-page plastic 
bound booklet describing tool and ma- 
chine design services which are avail- 
able through an organization that is 
conscious of the needs of tomorrow as 
well as of today. The Vulcan Tool Com- 
pany, 213 North Beckel Street, Dayton, 
Ohio. — Gratis. 

How TO Use Diagrams in Radio Ser- 
vicing, by M. N. Beitman, is a small 
booklet Intended to aid radio students 
and beginner service men. Supreme 
Publications, 328 South Jefferson Street, 
Chicago, Illinois. — 10 cents. 

Industrial Head and Eye Protection is 
a 48-page catalog concerned with a 
wide range of goggles, respirators, ^'ari- 
ous types of masks, face shields, ma- 
chine guards, and so on. Chicago Eye 
Shield Company, 2333 Warren Boule- 
vard, Chicago, Illinois. — Gratis. 

Floods of March 1938 in Southern 
California (Geological Survey Water 
Supply Paper 844) is a 399-page, illus- 
trated, paper-covered, techmeal- scien- 
tific study of this great flood and, 
because of its source, it should be 
authentic and dependable. Superin- 
tendent of Documents, Washington, 
D C.—$1.25. 

How TO Teach Fire Fighting is a 16- 
page illustrated pamphlet which 
shows how to set up fire fighting 
demonstrations, how to conduct them, 
and what their value can be to indus- 
try. Walter Kidde and Company, Inc., 
Belleville, New Jersey. — Gratis. 

Hand Tools is a 52-page illustrated 
booklet that gives simplified, down- 
to-earth hints on the use of all the com- 
mon hand tools ranging from files and 
hammers to wrenches and vises. Gen- 
eral Motors Corporation, Broadway at 
57th Street, New York. New York . — 
Gratis. 

New Magic in Wood is a 32-page book- 
let that illustrates and describes 
many of the things which industry is 
doing today, using wood as a basic raw 
material. American Forest Products In- 
dustries, Inc., 16 East 48th Street, New 
York, New York, — Grofis. 


XdMJ tot ttnsoUngju Spwtjymetwf 

enffravtd 5760 lines per Inch, on 
class Area ruled is 32mm. x 
£imm Olass Speculum is 60mm. 

X 60mm . glass 3mm thick 
These Gratings are not govern- 
ment rejects or Junk, but ruled 
to our order and are beautiful 
pieces of workmanship. 

ORDER TODAY! Send $10.00 plus postage and 
insurance for 1 lb to your gone Terms: net cash 
with order 

IliBRV DflCOScloftt'fic It Ubontory Apoorntui 
nnllill llUvw68We»tBro>dwgy.WgiirVofk7.N.Y. 



m MACHINE WORKS 

E»t. mo 

NOW DOING WAR WORK 
SOLICITS CORRESPONDENCE 
REGARDING PURCHASE OF 
PATENTS OR ESTABLISHED 
LINES FOR POSTitWAR 
PRODUCTION 

Essex ConuecHeut 



W. POX & CO. 


POOR 

EYESIGHT 7 
Try the New PUS 
Eloctrlc Reader 
A boon for elderlv 
people and others with 
poor eyesight. Wonder- 
ful for doctors, scien- 
tists and draftsmen. 
Write for free information 
snd details of this new In* 
ventlon that makes read- 
ing matter 3 Umes larger. 

EUiab.tti. N. I. 


REFRIGERATION 

Repair and improve all refrigerators. New Manual 
tells how. Charts and plctuies to help you. Price 
$1.00, postpaid. Money back guarantee Supreme 
Fubllcotleas, 326 8. Jefferson St , Chicago, Illl 


Jefferson St , Chicago, 


Inois 



INVENTORS 

Free Patent Guide - 


Protect your invention 

WITH A U. S. PATENT 

Take first step to protect your 
rights to your Invention— without 
coat Mall coupon today for Free 
‘ Record of Invention*' form and complete Instructions 
for making legal disclosure of Invention and 
eetablishing date We also send 48 page free Book 
"Patent Guide for the Inventor*’ telling importance 
of prompt action , how to sell and market your 
invention, how to make Application for Patent, 
examples of Successful inventions Aleo details 
of how a Patent protects you; our reasonable 
charges for preparing applications including official 
drawings and technical specifications : confidential 
search service to be reasonably certain Invention 
Is patentable, prompt service, strict seorecy, plan 
for you to pay in small payments as application 
progresses, other facts you want to know about 
Patent Protection Mall coupon for Free "Patent 
1 "Guide" and "Record of Invention" foms today. ^ 


CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 
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I Please send me your 48-page "Patent Guide" 
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f eleseoptics 

A Monthly Deportment for the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

iditor of fh» Scitntiilc Am«ricon books ''Amotour ToUscopo Making'" 
and "Amotowr Tolttcop# Making— Advancsd" 


B eats any prism binocular, is the 
testimonial which Dr. Henry Paul, 
119 North Broad Street, Norwich, N. Y , 
gives concerning the “richest-field*’ 
telescope, or “RFT”, after making the 
one shown In Figure 1. 

The richest-field telescope is a 
stubby, compact instrument usually 
used without a mounting — ^simply held 
in the arms — and it is designed to give 
magnificent fiews of the myriad Milky 
Way stars. No specialized type of tele- 
bcope has equalled it in popularity since 
Its descriptive data were published in 
■“Amateur Telescope Making — Ad- 
vanced” m 1937. 

Paul says he weighed all factors and 
•cho..e a 5*' mirror aperture, with focal 
ratio 4, which hooks up just right in a 
6" Micarta tube to give optimum porta- 
bility, size, and so on. The 5" mirror 
was cut from a 6" Pyrex disk. The field 
of view covered Is better than 2* in 



Figure I: Paul's RFT« arm-hgld type 


diameter. When the telescope is rested 
on the knee the eyepiece comes to just 
the right height for the eye. 

Figure 2 shows detail of the diagonal 
support, which is easy to adjust. The 
two curves’ locus is at center of the 
diagonal. The latter is an aluminized 
solid piece of Pyrex, The other sketch 
in Figure 2 shows how all adjustments 
for mirror and eyepiece are afforded: 
screws passing through sponge rubber. 

After taking this telescope with him 
to the country and using it several 
nights, Paul writes, “The Milky Way 
was a bright ribbon all the way from 
horizon to horizon. I really got more 
of a thrill from the RFT than from my 
Dig telescopes. No complication: Just 
sit in a chair with a blanket around 
you and look to your heart’s content.” 


A nother satisfied “customer” for the 
richest-fleld telescope is Charles E 
Kratz, 3512 Dennlyn St., Baltimore, Md., 
whose 4" RFT of IBVi" f.l. is shown in 
Figure 3. “I have had a big kick from 
the RFT,” he writes, “and was surprised 
to discover how much can be seen with 
low powers.” 





A ' B 

Diawlnt by R W. Porter 

Figure 2: Ad)u 8 tm 0 nts. Paul 


Kratz made the hex tube of Va" ma- 
hogany, using hand tools, and glued it 
up. 

The telescope sets on a home-made 
tripod, the head having three pieces of 
wood each set m so that the grain runs 
in the direction of the legs, with Vs" 
mahogany glued on top and bottom. 

The R^ has become so widely estab- 
lished as a telescope type since it was 
presented in “A.T.M.A.” that the initials 
RFT have now become a word just as 
they stand, without periods. 

M achine for grinding and polishing, 
shown in Figure 4 and made by 
Robert W. Coulter, 812 Sixteenth Street, 
N. E. Masillon, Ohio, “works like a 
charm,” he states “with almost un- 
limited variations of stroke, and re- 
quires but little attention while operat- 
ing.” It is a modification of the Hindle 
type and was built on an old library 
table of heavy oak. 

“Speed reduction was accomplished 
entirely with V-belts and pulleys. 
Speeds are: Drive 27; sidethrow, 5 1/2"; 
turntable 1 1/3''/' 

The machine as shown worked well 
on a 6" mirror but when a larger 'mir- 
ror was tried there proved to be whip 
due to the high extension of the verti- 
cal end shafts. When the shafts were 
shortened, after this photograph was 
taken, the whip no longer occured. 

A bstract of a correspondence file. 

Subject: Outsized mosaic tool for 
grinding mirror. 

February 24, 1943. Coulter (the man 
named above) to this department. “I 
am contemplating a 12 short focus 
mirror, and would like to make a tool 
of small glass caster cups mounted on 
a full-sized circular base, its surface 
shaped to convex spherical curvature 
roughly approximating desired sagitta 
for finished mirror. I propose to use 
one central cup surrounded by a ring 


of smaller cups, and this by a ring of 
larger ones— Combinations of sizes and 
numbers that happen to suit my size 
of tool. Doubt has arisen, however, 
whether such a tool would produce a 
regular sphere on the mirror, or 
whether zones would result. What do 
you think?” 

Reply, March 1, 1943: “Theoretically 
it won’t work. This tool amounts to a 
tool made of annular, concentric rings. 
Stroking should minimize the effect but 
not get rid of it all. This is theory but 
theory often proves wrong. Theo- 
retically, the Germans had the English 
licked. So try it, if you are willing to 
gamble, and after making the experi- 
ment please tell us the outcome.” 

Side comment by Cyril G. Wates, Eld- 
monton, Alberta, to whom inquiry was 
shown: “What’s the idea? Why not, 
instead, make a solid glass lap, bust it 
on a hydrant, and then glue it together 
again? In other words, why make such 
a lap at all? And what a job it would 
be to bring the irregular glass cups into 
contact!” 

Reply by Coulter, on seemg above 
comment: “It’s much cheaper than a 
solid tool, easier also to form the curve 
with a built-up tool than to work a 
solid tool to curve, and saves time 
Built-up tool also reduces suction when 
fine-grinding. (While working on a 
12W' mirror a long-winded telephone 
interruption once led to my mirror and 
tool being welded together, and bad 
chips resulted from forcible separating.) 
But I suppose the underlying reacon 
for the venture is to indulge a pet 
passion for oversized tools. [And it’s 
always fun to try something differ- 
ent. — Ed.] Moreover, I like to be able 
to use long strokes throughout fine 
grinding — it goes much quicker and the 
mirror has to come to a sphere, since 
the two surfaces are always in contact 
Hence I propose an 18" tool for use 
with the 12 V 2 " mirror,” 

Final report by Coulter, June 22, 
1943: “Caster cup tool seems OK. 
Shadow test of mirror showed evenly 
spaced, concentric zones — a target with- 
out a bull’seye — and turned up edge 
But these reduced readily with local 



Figure J;RFT, tripod type* Krats 
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treatment by third finger dabbed in 
rouge. There also wasn’t so much suc- 
tion as with a solid tool. But Wates 
was right about establishing contact on 
a curved surface; it proved unsuccess- 
ful, so the tool was made flat, and it 
worked OK.” 

A READER of this department in- 
quires. “Can a telescope mirror 
be made of cast aluminum? If so, where 
can I obtain aluminum blanks?” The 
answer is no, but the exact reasons 
make an informative discussion. 

When an optical surface of glass is 
aluminized, the evaporated molecules, 
being in a high vacuum, travel, without 
bumping into other molecules, from the 
hot metal source to the mirror’s cold 
surface and are deposited in a non- 
cry stall ine metallic film having the 
same degree of polish as that of the 
glass. As soon as air is admitted, the 



Figure 4: Coulter's machine 


metallic aluminum begins to oxidize 
and, according to Strong (Astrophysical 
Journal, June 1936, pages 401-423), 
this oxide continues to thicken for 
about 60 days. It is transparent and 
IS either corundum (ALO.) or bauxite 
(AhO-(.2HiO). Dr. J. A. Anderson states 
in a private communication that “the 
layer of aluminum, approximately 
1/250,000" in thickness, is made up of 
250 molecular layers. Of these,” he 
continues, “I would guess that within 
the first month’s exposure to air about 
20 to 40 layers will have turned into 
aluminum oxide. The light rays pass 
through the transparent oxide layer 
and enter part way into the metal, then 
turn around and go back again.” 

The above was shown to Dr. John 
Strong, who commented as follows: “If 
the thickness of one layer of aluminum 
IS 4 angstrom units, or about 4 x 10-** /*, 
then 250 layers are about 0.1 u (or 0.2 
wavelengths of green light). The oxide 
coat is about 100 angstrom units in 
thickness.” 

An angstrom unit is a ten billionth 
of a meter. The Greek letter ‘V” 
(mu) designates one micron, or 10,000 
angstrom units A micron comes pretty 
close to 1/25,000 inch and a wavelength 
of green light is roughly 1/50,000 inch. 

Hence the coat of aluminum, as 
originally laid down, is about 1/250,000" 
thick. After some 60 days about the 
outer 60/250, say V 4 , of its thickness 


has turned into oxide of aluminum. 

The actual mirror is therefore metal- 
lic the same as a silvered mirror, but 
we still haven’t answered the question 
why all this couldn’t be as easily— 
more easily, it might seem — accom- 
plished simply by letting a disk of plain 
cast aluminum oxidize m the air in the 
ordinary manner (the thought in the 
question which opens this note — a ques- 
tion which others have asked. 

Fred B. Ferson, a Biloxi, Mississippi, 
amateur telescope maker who has in- 
quired into metals and casting metals 
(see his chapter on molding and cast- 
ing, in “A.T.M.A.”), states it thus- 
“Aluminum is a metal which absorbs 
gases readily, and is hard to prevent 
from taking up impurities when it is 
cast. Also in castings it cools into crys- 
talline structure, the crystals coarse 
and full of holes — possibly from ab- 
sorbed gases driven off.” 

J. H. White, 20 Burchfield Avenue, 
Cranford, N. J , a metallurgist and ama- 
teur telescope maker who built his own 
aluminizing equipment, when asked for 
his comment, added “Under the micro- 
scope the surface of an aluminum sheet, 
and still more an aluminum casting, 
shows a great many holes These are 
gas holes. There also are black specks 
which arc hard and brittle and are 
aluminum oxide which it has been im- 
possible to remove from the melt 
Even the best aluminum made by the 
Hoopes process, which has a purity of 
99.983 percent, shows these spots. When 
the sheet is rolled the surface is 
smeared over and this covers up most 
of these defects. If a mirror were made 
of cast aluminum the crystalline struc- 
ture of the metal, also the oxide parti- 
cles, would show, and probably would 
fall out of the surface and leave holes.” 

Sometimes in popular writing (and 
some that isn’t) it has been said that 
the oxide coating on an aluminized mir- 
ror is sapphire. This isn’t literally 
true, though as a figure of speech it is 
a relative of the truth. The coating is 
aluminum oxide, AhO.. If a given 
specimen of AhO is a ciystalline 
mineral it is properly corundum Co- 
rundum has hexagonal crystals and its 
hardness is exceeded in nature only by 
that of the diamond; which, however, 
IS very much harder If black, due to 
iron impurity, the corundum is emery. 
It may also be gray, blue, yellow, red, 
brown, or colorless If any of the last 
named crystals are clear and perfect — 
which is relatively very rare — the co- 
rundum is of gem quality. If blue, 
then it is sapphire; if red, ruby; if 
colorless, oriental white sapphire. That 
the coating on an aluminized mirror is 
protected by aluminum oxide is, there- 
fore, the most nearly romantic (though 
not romantic at all) claim that can be 
made, for it isn’t a gem and it isn’t 
even crystalline. 

Commenting on the above, Dr. An- 
derson notes an interesting analogy 
with quartz and fused quartz, the latter 
being the correct term for a “quartz” 
(often so-called) mirror- Quartz is a 
natural, crystalline mineral. Fused 
quartz is not crystalline, and neither, 
therefore, is a fused quartz mirror disk 
properly called quartz. 


COMPLETE HiOH^IRADE KITf 
OUR SPECIALTY 

Each kit has two glass discs 
(correct thickness) tamps^ 
pitch, 8 assorted abrasives 
(fewer may not give perfect 
optical surface), rouge, in- 
structions, FREE ALUMI- 
NIZED DIAGONAL, etc. 

POLISHING and PARABOLIZING 


MIRRORS, 

all sizes 

made to order. 

4" Kit 

52.95 

(Pyrex, #4.00) 

6'' Kit 

3.75 

(Pyrex, 5,50) 
(Pyrex, 8.00) 

8" Ktt 

6.50 

10" Kit 

10.00 

(Pyrex. 15.00) 

12" Kit 

15.00 

(Pyrex, 25.00) 


ALUMINIZING 

A harder end brighter efuminum coating chat la 
uniform and produces a laattng and superior re* 
fleeting aurface. Guaranteed not to peel or bliatet. 

I 6” ... $2.50 

I 8” . $3.50 

10” $5.00 

Mirrors for Cameras, Raq(||. Finders 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL 00. 

1001 East 163rd Strsat, 

New York 59, N. Y. 
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A Popular Illustrated 
Astronomical Monthly 

For amateur aatronomera — new aiar 
chert.. Gleaning, for telccope maker., 
page for obaerver., and celestial photo. 


$2 a year, domestic; ^2.50 foreign 
Single copy, 20 cents. 


SAMPLE COPY ON REQUEST 


SKY PUBUSHINQ CORPORATION 

Harvard Obaervetory, Cambridge 38, Maas. 


REFLECTING TELESCOPE KITS 
OUR SPECIALH 

j (Send for our NEW, ENLARGED, and ILLUS- 
TRATED catalogue.) 

M. CHALPIN 

a.P.O. Box 207, Now York, N. Y. 


ACHROMATIC LENSES 

A limited number of achromatic lenses of the 
following sizes, suitable for RFTs. collimators, 
telescopes, achromatic condensers, etc. are avail- 
able while they last 

1—11/18" dlam 2—3/16" dlam dlam 

fl -$4 60 ea fl.-l8.00 ee 

- 6 00 *• 
lOti" - 7 00 •• 

Onp pair simple lenses for 
2i;i" efl Huygenlan eyepiece 
(held lens 1>,^" dlam.) U 00 or 
ALUMINTIZINXI AS USUAL 


20" fl -15 00 ea 
4»i" •• - 4 00 ’’ 

4 00 " 

1 00 *’ 


8(4" - 4 t 

6(4" **-40 


LEROY M. E. CLAUSING 

5507 Lincoln Ave., Chicago, III. 


TELESCOPE 

MAKERS 

Quality materials of the RIGHT kind. 

S" Kit.— Glass, abrasives, pitch, rouge, and 

buiiructions .JS«W 

IIOB6Y6RAFS--*INFORMArtON-»IN8PecfiON 
We offer you the benefit of our 24 yean 
of experience at this hobby. Send for froe 

ShrT M^Pierct. 11 Harwd St., SsrinoflelS, Vt 
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Ou Book Corner 

THE BOOK DEPABTMENt ol ScUntifte American is conducted* with th* 
eo-opMOtloii ol tho Edltom* to moko oralloblo lor you a eomprohonilTo 
book torrico* Each month th# Editors soloet and reflow In thoso columns 
now books in a wido rango ol seisntillc and technical fields. In oddition, 
they are ready at all times to adrlse you regarding the best oroilable 
books on any subject You are invited to use this service Ireely. Tell our 
Book Department what kind ol books you wont and you will be himished 
with the names ol avoilcd>le books# including prices. When inquiring 
obout books# please be specific; remember that we can be ol the greotest 
help only when you tell us }ust what you ore looking lor. Books listed 
In these columns may be ordered Irom our Book Deportment Add 25 
cents per book lor moiling outside U. S. 

Conducted by JOHN P. CANDIA 


WRITtlN won 
AMATKURt^ . 
PROFIStlONALS USI 

IM 

WAR PRODUCTION 

Scientific Americen’s two telescope 
books 

AMATIUR TKLKSCOPK 
MAKING and 
AMATKUR TKLKSCOPK 
MAKING — ^ADVANCKD 

were prepared before the war, with- 
out the slightest thought of sale to 
professionals. Came the war. Hun- 
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

For their Ofiicials 
Fortheir Technical Staffs 
Fodpieir Workmen 
Why? 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry’s offices 
in the nation. They ’’rate!” 

Amateur Telescope Making ^4.00 
postpaid, domestic; foreign ^5.35 
Amateur Telescope Making — Ad- 
vanced ^5.00 domestic; foreign ^5.35 

SCIKNTIFIC AMKRICAN 

24 Wm! doth St., New Yark 18, N. Y. 


ANEBICA'S CBEATEST »?ENT0BS 
By Jeha C. Fallirsen 

B iographical sketches of 18 American 
inventors, living and dead, selected 
by a distinguished committee of scien- 
tists and industrialists as America’s 
greatest inventors. These men have had 
tremendous influence on industry; an 
understanding of their trials and tribu- 
lations leads toward a better under- 
stand of industrial operations in general. 
(240 pages, 5% by SMs inches, a few 
drawings . ) — $2 . 1 0 postpaid. — A .P .P 

rUMDANEKTALS OF ELECTBICITY 
By A Stall ol Electrical Exports 

T he War Department’s recommended 
outline has been followed in the prep- 
aration of this text book in the basics of 
electricity. Although designed to supply 
men about to enter military service with 
a foundation for further training, tlie 
text will serve a similar purpose for 
anyone desirous of acquiring such 
knowledge. (388 pages, 6 by 8V2 inches, 
a large number of drawings and photo- 
graphs, plus a dictionary of electrical 
terms ) — $2.10 postpaid — J P C. 

NAPS AND S0IYEY 
By Arthar B. Hinks 

D etails of how maps are made, cover- 
ing early maps, the modern map, 
British official maps (the book is Brit- 
ish) , international maps, maps of 
Europe, other foreign maps, charts and 
atlases; also exploratory, trigonmetrical, 
property, geodetic, and photographic 
surveys; and survey instruments. (301 
pages, by 8^ inches, 28 plates.) — 
$3.85 postpaid. — A.G.I. 

SMOKE STBEANS 

By Ckarlcs Ttwastii LiitefttB 

M ost Americans understand mechani- 
cal appliances and movements easily 
and instinctively; the motion of water 
and waves with almost equal readiness. 
But while the air is all-pervading, it is 
invisible and mysterious and we cannot 
visualize its flow past airplane wing, 


yacht sail, or roof top. Mr. Ludington 
and an associate, Roger Griswold, work- 
ing in the quiet of the country, burned 
dried leaves or wood, created a small, in- 
expensive, home-made tunnel by draw- 
ing smoke with a blower past the aero- 
d3mamic body to be investigated. The 
book, an outcome of these experiments 
in visualization, presents fascinating pic- 
tures. There pass in review flow pic- 
tures of airfoils, cylinders, roofs, flaps, 
slots, tips of wings, and dozens of other 
phenomena. Coupled with the pictures, 
there is a simple, readable, elementary, 
but accurate explanation of the phe- 
nomena. The whole is fascinating and 
instructive for laymen and professional. 
(144 pages ) — $2 85 postpaid — A K. 

WHY NEB CAN FLY 
By N. K. Ckapia 

T he answer to the implied question in 
the title of this volume is: Realise he 
thinks. However, thinking alone can 
never result directly in flight. It is the 
product of human thought translated 
into aero -dynamics that has made pos- 
sible aviation as we know it today. These 
thought processes are logically and sim- 
ply trac^ in the pages of this volume 
which brings the reader up to date in 
aviation — and into the future — with a 
minimum of study. Not a text book, but 
an easily read exposition on the sub- 
ject. (388 pages, 6 by 9 inches, a number 
of drawings.)— $2.60 postpaid.— A.P.P. 

YHE WAB ON CANCEB 
By Edward Ptdelsky, N.D. 

W HAT the layman should know about 
cancer: How it is detected; treat- 
ments; food and cancer; cancer re- 
search (179 pages, 5 by 7^ inches, 2 
illustrations.) — ^$1.85 postpaid. — ^A.G.7. 

AEBUL PHOYOCUPHS AND YHEIB 
APPLICAYIOBS 

By H. Y. 0. laiilk 

A erial photography has far greater ap- 
plications than those pertaining to 
military matters. It is of value in econ- 
omic geology, in many engineering fiellds, 
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important today is the chapter on 
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in forestry and agrictilture, in city plan- 
ning, and in archeology. With a special 
eye toward these uses, the text of the 
present book is built up through the 
taking aiki study of aerial photographs 
to various methods of interpretation. 
(372 pages, BMs by 9% inches, 62 photo- 
graphic plates and over 50 drawings.) — 
$3.85 postpaid.— A.P.P. 

UBIU PH0T061APRS: 

TIEn BSE AMD niTCIPBnATION 

By A. i. Esraisy 

P RACTICAL guide for geological students 
and others having some technical 
background. All applications of aerial 
photography are carefully considered 
and the military importance is also 
stressed but the emphasis is mainly 
on structural geology. (203 pages, 6 by 
9 inches, 921 illustrations.)— $2.85 post- 
paid.— A.GJ 

AEROBTHAlllCS FOB MODEL AIBCRAFT 
By Avnmi Zisr 

W HAT makes airplanes fly is the gen- 
eral theme of this book, presented 
in non- technical language. Many of fhe 
data are based on wind tunnel tests 
with model planes. (260 pages, 6 by 9 

inches, 107 drawings.) $3.10 postpaid. 

— J.P.C 

THE AIRPLAIE ABB ITS . CONPOMEIITS 

By W. B. Stan 

A n introduction ‘to the field of aero- 
nautical engineering prepared for 
students or other persons having some 
technical knowledge, technical terms 
are, therefore, employed with little or 
no definition. Parts of the airplane are 
considered and discussed in relation to 
their relative importance to airplane 
design, rather than by part sequence 
or general availability. Not a popular 
book, but rather one which requires 
concentrated study ^5 pages, 6 V 2 by 
9^! inches, a number of drawings and 
photographs.) — $1 35 postpaid,— A.P l\ 

miLOCinC ADTEBTDBE 
By Ckarlts Covrlity 

I N THIS autobiography of a world- 
famous locksmith, the safes of Kaiser 
Wilhelm, locks in the Kremlin, chests 
containing the crown jewels of the Ro- 
manoffs, and safes of wrecked ships are 
factors in but a few of the adventures 
of the world’s highest paid legal Jimmy 
Valentine. (335 pages, 5% by 8 ^^ inches, 
illustrated ) — ^$2.60 postpaid. — K.M.C. 

WESTWARD FROM TINLAMD 
By HialMr B. Hslaad 

Aomplete account of the much-de- 
^ bated Kensington Stone found in 
Minnesota and inscribed in 1362 by 
Norsemen who were trying to circum- 
navigate Vlnland by way of Hudson 
Bay. Today a majority of quoted au- 
thorities favor the validity of the 
author’s long-fought-for claims. In ad- 
ilition to the Stone’s inscription, three 
attested 14th Century Norse battle-axes 
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LONGINES 

THl WORLD'S MQSr HQNOJtiD WATCH 





////• o'ff/f'/z ///f/Z 
/v/yz/Z/v/ /z' J/'/'/'/W' * 


T housands of men bought their first 
Longines strap watches while serving 
in World War I. The Longines military 
watch above was bought by an American 
Artillery Officer from the Quartermaster 
Corps in France in 1918 and received its 
baptism of fire in the decisive St. Mihicl 
and Meuse-Argonne battles For 10 years 
after the war, it shared the rough and ready 
life on a Montana ranch, and then it was 
put aside ^Suddenly, the years of peace 
ran out and war came again Our Artillery 
Officer was called for active duty, and the 
old Longines military watch was recalled to 
service. Q Countless of such incidents have 
made the reputation of Longines watches— 
for keeping good time for a long, long time 
*Based on documents in our files 
LungintS’Wittnauer Watch Co , Inc . Stw York, 
Montreal, Geneva; dUo makers of the Wittnauer 
Watch, a companion product of unusual mertt 
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COVER: In the airborne-type torpedoes, shown in our front 
cover illustration, there are 75 different pressed metal parts, 
totaling several hundred pieces, in each. (See also article 
dealing with methods of producing pressed metals, starting on 
page 208.) The photograph was taken In one of the plants of the 
American Can Company where these “tin-fish** are being turned 
out under mass production conditions. The torpedoes are shown, 
ready for shipment, minus their explosive war heads, which are 
shipped and loaded separately. 
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I Previews 


of the Indnstriol Horizon 


INDUSTHY'S JOB TONOBBOW 

DiDEO emphasis to the now wide-spread realization that in- 
dustry’s future as the guiding force of the American way 
of life depends on how well it plans for the days immedi- 
ately following the end of the war is given by a govern- 
mental report recently released by the Labor Department’s 
Bureau of Statistics. In this well documented report, where 
main emphasis is placed upon employment in post-war 
times, a statement is made to the effect that industry’s part 
will call for real courage and intelligence. 

Surely industry in general has shown “real courage and 
intelligence” in the race of production, in adapting itself, 
its men and materials, to a gigantic war program such 
as has never before been faced in history. It has shown its 
ability to develop and use new ideas, new methods, new 
products, and to do this with a speed that has today suc- 
ceeded in making much brighter the picture of the war’s 
progress. 

If, when post-war times arrive, the same initiative is 
applied to building a new and better world on the basis 
of past failures and successes, there can be no question 
of the outcome. But this initiative can be applied only if 
the attitude of government toward industry is one which 
shows plainly and without reservation a belief in the hon- 
esty of private enterprise. Without such belief, industry’s 
efforts will be severely handicapped. 


N6IE ABOBT REC0NVERS1ON 

One or the dangers of words is that they sometimes are too 
limited in scope. Much is being said these days about re- 
conversion of industry; “reconversion” is one of those limited 
words. Strictly speaking, reconversion would indicate aim- 
ing at pre-war levels of production when the whole thinking 
trend of the present should be in terms of post-war expan- 
sion. 

On the horizon are days when a pent-up flood of buying 
will be released, when savings of millions will be poured 
into markets now closed by war-production requirements, 
when men now in the armed forces will be readjusting them- 
selves to civilian life. Such days call for a raising of in- 
dustry’s sights, for post-war planning that is much more 
than mere reconversion, for production in many fields on a 
scale that before the war would have been in the realm of 
the unthinkable. 

When this great expansion period starts, it is safe to 
predict that industry will be well on the way to keep its 
faith with the people of the world. The contributions of 
science and technology will be available for civilian use 
and will be turned into the channels of trade just as rapidly 
as possible, subject only to such po.ssible handicaps as are 
mentioned in the preceding item 


CBRIERTATIVE TRIRKIMG 

Lest some of the foregoing be interpreted as meaning that 
the day after the end of the war will see production 
start on helicopters and airplanes for every garage, high- 
octane gas in every filling station, fantastic automobiles 
that glide along the highways at a hundred miles an hour, 
robot kitchens where a turn of a knob will cook a ten-course 
meal and then wash the dishes without human intervention, 
and other similar dreams so dear to the heart of the Sun- 
day supplements, a few words of conservatism should be 
added to the views expressed. 

Reconversion and expansion must go hand in hand. In- 
dustry must plan its operations so that it can, with the 
least possible delay, start civilian production. This will 
mean that many of the things obtainable before the war 
and not available now will be the first to reappear in the 


A* P. Peck 


markets. Then, but gradually, will come the new products— 
the new automobiles, the airplanes, the home comforts, 
the new building materials, the hundred- and-one other 
looked-for developments. 

Viewed as a whole, the picture on the horizon is a com- 
posite one in which the production of the old and the new 
will progress side by side, supplementing each other and 
welding themselves firmly into the necessary expansion 
program which will spell economic security assured by 
industrial and technological coordination. 


LIGHTER THAR AIR 

Will some part of the air- borne cargo of the future be 
carried in lighter- than-air ships similar to the Ill-fated 
Hindenhurg of a few years ago, or even greater in size and 
capacity? Some basis for an affirmative answer to this 
question is to be found in the successful use of blimps by 
the United States Navy during the present war. These ships 
of the air have been highly successful in the work to which 
they have been put, carrying* out their missions in fan- 
weather and foul, often under conditions when heavier-than- 
air ships were grounded. ^ 

The Hindenhurg, it will be remembered, was a victim of 
inflammable hydrogen; helium, it will likewise be remem- 
bered, is available in commercial amounts only in the United 
States and is the lifting gas that spells safety for airships. 

With our supplies of helium and with the knowledge 
that has been gained through the construction and operation 
of many Goodyear blimps during the past two years, it is 
entirely conceivable that large, rigid airships will someday 
become an integral part of our air transport system. Slower 
than planes, unwieldly though they appear, Aey have ad- 
vantages over the swifter craft in payload and in the fact 
that they do not depend upon their motion through the air 
for lifting power. 

Dirigibles have military uses as well as commercial, and 
it is entirely possible that we may yet see, during this war, 
the launching of one or more giants of the air. If this comes 
to pass, keep an eye on lighter-than-air development for 
passenger .and cargo transportation in the future 


REATIER THAR AIR 

Before leaving the subject ot aerial travel for this month, 
reference should be made to the article on future private 
planes, page 199 of this issue Last month’s Horizon Preview 
of this subject sounded a note of conservatism that still 
stands, yet becomes even more thought-provoking in light 
of Dr. Klemin’s thorough analysis of the present and of the 
possible future. Without doubt, the aviation industry is 
going to do all in its power to make reasonably priced 
planes, with a maximum of safety, available to all tl^se who 
would fly the skyways of the world 


THE SERVAMT IN A WIRE 

Radiant heat lamps for home heating, increased use of 
fluorescent lamps for better seeing, plant growth stimulated 
by artificial light, improved electric home appliances — these 
are some of the things to come that will make for tremen- 
dously increased demands for electric power in the future 
So states Samuel G. Hibben, director of applied lighting at 
Westinghouse Basing his statements on war-time uses of 
(Please turn to page 231) 
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50 Yeors Ago In . . . 



(Condensed from Issues of November, 1893) 


UNIVERSAL LANGUAGE — “Attempts to introduce artificial 
languages are not only hopeless, but they are imnecessary, 
for, says Dr. Schroer, there is already a universal language, 
and that is English. But in what sense is English a universal 
language? It is, says Dr. Schroer ... in the Preussische 
Jahrbuecher . . . one, which, by its spread over the whole 
earth and by the ease with which it may be learned, has 
reached a position so far in advance of all others that neither 
natural nor artificial means can deprive it of its assured 
position as the future means of international intercourse. 
He therefore concludes that *the English language is the 
world-speech, and will, to all appearance, become more and 
more so every year.* ** 

BRAKES — Rochester man has devised a plan by which 
a trolley street car can be stopped almost instantaneously, 
or within a space of three feet, while the car is going at full 
speed. As he omits, however ... to provide for stopping the 
passengers, it is only fair to presume they will object.** 

STORAGE BATTERY — *^Recently the [Plante storage battery] 
system was introduced into this country by the Edison 
Illuminating Company, at the 53rd Street central station, 



Storoge battery plant oi the Edison Illuminating Company 


where it is daily used to help out the dynamos when the 
demand for current is very great. It is also used for 
supplying current when the engines and dynamos are at 
rest. The charging is done when the dynamos would other- 
wise be running with a light load. This station is provided 
with two batteries, each consisting of a series of 70 cells of 
61 plates each . . . Each cell has a capacity of 1.000 ampere 
hours.** 

ARTIFICIAL DIAMONDS — “At the Academy of Sciences, M. 
Moissan announced recently that, in continuing his re- 
searches on the i^thesis of the diamond by means of the 
electric furnace, he has just obtained two compounds well 
worthy of attention. These bodies are silicide of carbon and 
boride of carbon. They are of exccessive hardness, and cut 
rubies, steel or diamonds.’* 

TELESCOPE — **A great refractor is just finished and placed 
in position for Dr. Janssen at Meudon. It is a combined 
photographic and visual telescope. *rhe two lenses were 
made by the celebrated Henry Brothers, of the Paris Ob- 


servatory. The mounting is by Gauthier, of Paris. Both lenses 
will be mounted in the same tube, which is square and of 
steel. The visual objective is 82 cm. (32.3 English inches) 
in diameter, while the photographic objective is 63 cm. (24.8 
ESngllsh inches) diameter. Both lenses are of the same focal 
length, 17 meters (66^ Ekiglish inches) . . . The dome is to 
be moved by a gas engine of 12 horse power.** 

CIRCLE OF CONFUSION — “If any point in an object is rejpre- 
sented by a disk about 1/100 of an inch in diameter, it is 
sharp to the eye. If, therefore, all movement of the object 
can in the image be confined to this amount, it will appear 
sharp. Now, with a hand camera, the focus of the lens is 
usually about inches — let ms say 6 inches. At 50 feet off, 

therefore, an object may move through 1 inch and still ap- 
pear sharp— that is, the motion during the time of exposure 
may be that amount.*’ 

FROZEN FISH — “Science has conquered nature and has dem- 
onstrated that to preserve fish it is not necessary to salt 
them. Freezing is the thing in the future, and Sandusky, 
Ohio, is the place where the first attempt has been made 
to carry on the business in a general way . . . About three 
years ago A. J. Stoll, a fish commission dealer in Sandusky, 
began to experiment with freezing fish, and soon found that 
the invention of the ice-making machine would be his salva- 
tion. Last year he completed his scheme and now he has a 
plant in full operation, employing twenty-five men and a 
capacity for freezing and preserving twenty tons of fresh fish 
each year.** 

ALUMINUM — “The Aluminum-Industrie-Actien-Gesell- 
schaft, of Neuhausen, in Switzerland, owing to the increase 
of its dynamo capacity to 4,000 horse power, and some im- 
provements in the processes employed enabling it to increase 
largely the production of aluminum, announces that the 
price from January next will be 45 cents per pound ... At 
present, 75 cents a pound is the ruling price for aluminum.*’ 

COPPER — “At the time of the discovery of America, copper 
was used by the North American Indians only as a precious 
metal and for ornament:! purposes, and had not reached the 
stage of industrial use, as it had among the Aztecs in Mexico. 
There is, moreover no evidence to show that the Northern 
Indians had any knowledge of ore working or smelting, and 
it is almost certain that all the copper they possessed was 
found in the metallic or native state.” 

LONG DISTANCE — “The American Telephone and Telegraph 
Company recently gave an exhibition of their long-distance 
telephone lines to a small party of guests who assembled 
at the Telephone Building in Cortandt Street . . A number 
of receivers were arranged so as to give each party a con- 
nection to the line. Connection was made with Boston, Chi- 
cago, and Washington in turn, and conversations were held 
with the officers at those points.” 

SOAP — “Washing powders or soap powders, which have 
latterly become important artices of commerce, always con- 
tain sodium carbonate, generally in the form of dried soda 
crystals.** 

WILLOWS — “A new industry has been established in St. 
Louis county near the little town of Allenton . . . which, 
if successful, will furnish employment to thousands of unem- 
ployed laborers. The enterprise is for the cultivation, on a 
large scale, of willows suitable for the manufacture of willow 
ware . . . The willow plants last about twelve years, after 
which they are grubbed up and the ground replanted. The 
plant does not attain its full growth until the second year, 
as the greatest part of its energy is spent the first year in 
making roots.” 

OIL VERSUS COAL — “Mr. Stone Burbury, of Cowes, Isle of 
Wight, owner of the yacht Venture, which was fitted with 
steam machinery, had this removed and replaced with an oil 
engine, made by Messrs. Vosper & Co., of Portsmouth. The 
vessel would not before steam against the strong tides in 
the Solent, but does so now with ease; she could also only 
conveniently carry sufficient coal for six hours, but is now 
fitted for running forty -eight hours ” 
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RAINBOW IN THE SKY 


There is good news in the work of American prospects for good use of the opportunities 
laboratories. It is a reason for confidence in victory will bring. 

the war and a promise for the future. The Bell Telephone Laboratories, with 

Little is said about our scientists because some seven thousand workers, are among the 

they labor behind locked doors and their work many research groups that are devoted to win- 

is secret. But the topside of the German and ning the war. 

Japanese armies and navies know about them. When that is done. Bell System scientists 
Things they do turn up at the front and make will be back on their old job of making your 

life harder for our enemies. telephone service, and your human contacts 

After the war, from these same scientists and over the distances, easier and better than ever, 

their laboratories, will come the things that 

make jobs, comforts, conveniences and lux- BELL TELEPHONE SYSTEM 
uries for the American people. They hold out 

• Hlir THI WAR RT MARINO ONLY VITAL CALLS TO WAR-BUST CINTIRS. THArS MORt AND MORR tSSINUAL IVIRY DAY. 
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An Important Message to 


Technical Men 


Tlie war has carried the manufacmring 
age to a oew peak! Productioa demands 
have created technical problems the like 
of which the world has never seen be- 
fore! The services of engineers are at a 
premium. Especially the services of one 
particular class— executive engineers— 
engineers with business training; engineers 
who can **run the show,” 

In these critical times, the nation needs 
engineers of executive ability now, today 
—not five, or ten years from now! The 
shortage of such men is acute— even 
more acute than that of skilled produc- 
tion workers. And company heads, aware 
of this situation, are offering high rewards 
to engineers who have the necessary 
training in industrial management. 


GoMen Opportunity 
for Engineers 

In this new era, the engineer with 
vision and foresight has a golden oppor- 
tunity. He will realize that out of today’s 
tremendous production battles wUl 
emerge technical men who not only will 
play a major role in winning the war, 
but who also will be firmly entrenched in 
keyexecutive positions whenpeacecomes. 

However, before the engineer can take 
over executive responsibilities, he must 
acquire knowledge of the other divisions 
of business— of marketing, accounting 
and finance. He has of necessity a vast 
amount of technical training and expe- 
rience. But in order to grasp the oppor- 
tunities that present themselves today— 
to assume leadership on the produaion 
front — he must also have an understand- 
ing of practical business principles and 
methods. 

The Alexander Hamilton Institute’s in- 
tensive executive training can give you 
this essential business training to sup- 
plement your technical skill. 


FREE help for engineers 

Ever since the wtr beatn, there has been an 
unusually heavy demand on the part of our 
technically-trained subscribers for the Insti* 
tute’s special guide on "How to Prepare an 
Engineering Repon", Extra copies of this 
practical, helpful 72-page Guide are now 
available and, for a limited time only, will 
be sent free to all technical men who use the 
coupon at the right. 



134,000 men oa the operating side ol 
business have enrolled for this training. 
More than 37,500 are technical men— 
engineers, chemists, metallurgists— many 
of whom are today heads of our huge 
war industries. 

This training appeals to engineers be- 
cause it gives them access to the thinking 
and experience of the country’s great 
business minds. It is especially valuable 
to such men because it is basic, not spe- 
cialized— broad in scope, providing a 
thorough groundwork in the fundamen- 
tals underlying ^//business. It covers the 
principles that every top executive must 
understand. It applies to all types of in- 
dustrial organizations, because all types 
of organizations are based on these same 
fundamentals. 

Business and Industrial 
Leaders Contribute 

The Institute's training plan has the en- 
dorsement of leading industrialists and 
business men. And it is only because 
these high-ranking execrutives recognize 
its value and give their cooperation that 
such a plan is possible. Among those 
who contribute to the Course are such 
men as Frederick W. Pickard, Vice 
President and Director, E. I. DuPont de 
Nemours Sl Co.; Thomas J. Watson, 
President, International Business Ma- 
chines Corp.; James D. Mooney, Presi- 
dent, General Motors Overseas Corp.; 
Clifton Slusser, Vice President, Goodyear 
Tire and Rubber Co. and Colby M. 
Chester, Chairman of the Board, General 
Foods Corp. 

Send for 

“FORGING AHEAD IN BUSINESS" 

The facts about the Institute’s plan and 
what it can do for you are printed in the 
64-page book, ’’Forging Ahead in Busi- 
ness”. This book in its own right is well 
worth your reading. It might almost be 
called a handbook of business training. 
It is a book you will be glad to have in 
your library, and it will be sent to you 
without cost. Simply fill in and mail the 
attached coupon today. 


Alexander Hamilton Institute, 

Dept. 35. 73 West 23rd Street, New York, N. Y 

In Canada, 54 Wellington St., West, Toronto Oot. 
Please mail me a copy of the 64-page book— 
"FORGING AHEAD IN BUSINESS ’ and alto a 
copy of "HOW TO PREPARE AN ENGINEER- 
ING REPORT,” both without cost. 

Name 

Business Address 


PosiUon 

Home Address 


“IN FUTURE yeans, we will do even 
better fin the field of air transporta- 
tion], The war has been a bitter labora- 
tory for air transport but a laborator> 
none the less. Wartime research and 
inventions will be refiected not only ir 
improved passenger transportation but 
also in faster air mail schedules and ir 
lower cost cargo transport.” Juan T 
Trippe, President, Pan American Al- 
ways Corporation. 

a /# H 

** RESEARCH is seldom, wasted, and feu 
developments are ever valueless. It u 
true that today the electrical manufac- 
turing industries are concentrating ov 
the rather grim articles of defense. Bui 
we never lose sight of the fact that ani 
new improvements we make in oui 
equipment can and will he applied U 
the products of peace.** M. W. Smith 
Vice President in Charge of Engineer- 
ing, Westinghouse Electric and Manu- 
facturing Company. 

// il u 

“POST-WAR planning is going on. I 
seems to me that this planning is in tw( 
categories. If I may be permitted to us< 
an aerodynamic phrase, some of it ii 
in the stratosphere. On the other hand 
we have sea -level planning. To mj 
mind, one is the planning of spender* 
and the other is the planning of pro- 
ducers.” Alfred P. Sloan, Jr., Chairman 
of the Board, General Motors Corpora 
tion. 

tt n // 

“A PILOT on the Smith American 
Africa run recently flew the Atlanti 
four times within three days. Anothe 
pilot recently crossed the ocean twelve 
times in thirteen days, making oni 
round-trip in less than twenty-fou 
hours ” Office of War Information 

// // it 

“THE [POST- WAR] pressure create< 
by either too much unemployment o 
by too much government may meai 
that regimentation will displace fre< 
enterprise; that our free society wil 
give way to some form of State social 
ism.” Paul G. Hoffman, President of tht 
Studebaker Corporation. 

U H // 

“WE ARE producing synthetic in tlu 
same quantity as we were getting nat 
ural rubber in a normal year before tin 
war. We will soon be producing syn 
thetic in about the same quantity tha 
the entire United Nations group was us 
ing natural rubber before the war ’ 
P. W. Litchfield, Chairman of Goodveai 
Tire and Rubber Company. 

// #/ 

“IN CONTRAST to ships, planes, anc 
tanks, the production of military ex- 
plosives since the beginning of the wai 
has always been as much as the Arms 
and Navy could ship, load, and fire’ 
Charles A. Higgins, President of Her- 
cules Powder Company. 
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Ai the artiit meet the proposed Stout Aerocar, described in the text. At the lelt is shown the double^uty 
airplane and automobile, as it will look in flight. At right, wings ond toll are being lowered onto the 'l>ody'* 


Post-War Privote Plones 

The Aviation Indnitry is Basing Plans ior the Fntnre Largely on Pre-War 
Models, Pins Knowledge Gleaned irom War-Time Prodnction and Operation. 
Will the Post'War Private Plano Follow Conventional Lines or Will it he a 
Badieal Departure From Present Forms? 


H i^wspapers and magazines of today 
abound with references to private 
flying of the post-war future and fre- 
quently predict an airplane in every 
garage. And while the end of the war 
is not yet in sight, and private -plane 
manufacturers are co-operating to the 
fullest extent in building training 
planes or parts for combat aircraft, 
they are all thinking of the ‘"family” 
airplane which they hope to be build- 
ing soon. No one can foresee the exact 
future of private flying, but the follow- 
ing established factors tend to opti- 
mism. The tremendous achievements 
of the airplane in war; the large num- 
ber of war-time pilots who will return 
to civilian life with an interest in flying; 
the millions of people who have become 
aviation-minded by virtue of their war- 
time labors; and the improvements in 
the airplane itself and in methods of 
production 

On the whole, we can look forward 
with confidence to an expansion of civil 
aviation after the war. We can be cer- 
tain of only one thing, however: Pre- 
war flying was mainly a hobby or a 
sport; after the war there will be more 
flying of the family type, with a purpose 
not unlike that of the family automo- 
bile. Therefore the buying public will 
quite reasonably demand more speed, 
increased safety, greater strength, ex- 
tended range, and more comfort. 

The small airplanes of today (or 
rather of yesterday) were good craft 
and it is sad to examine circulars and 
see them marked “Not now in produc- 
tion.” Naturally, their makers today are 
building military trainers, gliders, or 
parts. The automobile industry appears 
to expect that its first post-war models 
will be quite similar to those it scrapped 
soon after Pearl Harbor. Perhaps the 
airplane “flivver” of 1942 will also be 
the type first offered to the public in 
post-war days. At any rate, it is inter- 


esting and perhaps prophetic to note 
details of some of these fine little ships, 
as well as of some of the small planes 
which are doing outstanding military 
work today. 

The Aeronca Super Chief, for ex- 
ample, is a closed-cabin two-seater, of 
the high -wing type, trim and neat in 
appearance, with fine visibility through 
its rounded plastic windshield. This ship 
has a gross weight of 1250 pounds and 
a wing loading of only 7.4 pounds per 
square foot. It is powered with a 65- 
horsepower Lycoming or Continental 
four -cylinder engine, has a top speed of 
109 miles an hour, and cruises at 100 
miles per hour. Its range is 500 miles. 
The photograph of the cabin indicates 
that even our small pre-war airplanes 
are comfortable and well equipped, with 
plastic instrument board, and handy, 
small control wheels. Doors swing wide, 
and everything looks comfortable 
though a trifle compact. 

The Taylorcraft L-2, which Taylor- 
craft Aviation Corporation believes it 
will build after the war, is an adapta- 
tion of the tandem trainer used so wide- 
ly in the Civilian Pilot Training Pro- 
gram. In the military version there is 
extension of the windshield and win- 
dow area to enlarge the field of vision 
The observer’s seat in the rear is full 
swiveling. Equipped with two-way 
radio, the observer can keep in com- 
munication with ground forces, par- 


ticularly the aitillery Here is a hint that 
even the small plane can carry two- 
way radio for civilian use. The L-2 has 
given fine service in restricted terrain 
in military maneuvers, which is also 
a hopeful indication for the future. 

The photograph of the Luscombe 
Silvaire gives the proof that a small, 
trim, two-seater can be built entirely 
in metal, and be equipped with trimmer 
tabs and other appurtenances which 
have proved so valuable to the air- 
liner and the military machine. 

The Piper Trainer of Piper Aircraft 
has some interesting features. This is a 
machine which has evolved from the 
conventional two-seater light plane into 
a training plane with a canopy to give 
wide vision, and with a low wing of the 
cantilever type to replace the braced 
high-wing monoplane. With slotted 
flaps and retractable landing gear, and 
130 horsepower in a bigger engine, the 
Piper Trainer can fly at 150 miles an 
hour and has a range of 700 miles. 

Plane manufacturers are naturally 
somewhat reticent on the subject of 
expected post-war performance. Of 
course, when the war is over, the full 
industrial co-operation of today will be 
replaced by healthy competition. There 
is a fair unanimity of opinion, however, 
in regard to speed in the future. The 
public will probably never be satisfied 
with a top speed of only 100 miles an 
hour, which means perhaps 75 when 
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cruising or when bucking a head wind. 

There are decided advantages in the 
low landing speeds of the Piper Cub 
or the Taylorcraft, which are around 
38 miles an hour, but low landing speed 
also means low loading in pounds per 
square foot of wing area. This, in turn, 
means that gusts affect the airplane ap- 
preciably. To counteract this condition, 
we may expect higher wing loadings, 
and at the same time more liberal use 
of flaps to increase the lifting capacity 
in landing and thus reduce landing 
speeds. Top speeds will certainly pass 
the 150-mile-an-hour mark. That 
means cleaner craft, and the introduc- 
tion of the controllable pitch propeller. 

Some authorities today speak of a 
cruising range of 1000 miles, but this 
seems higher than needed. Of course, 
there will never be unanimity in selec- 
tion: Some people will buy the slower, 
long range, slow landing, craft; others 
will want speed above everything. In 
all probability there will be more op- 
portunity for diverse specifications in 
the airplane than in the automobile — 
which is limited in performance by 
road and traffic conditions and speed 
laws. 

Much of the thinking regarding in- 
strumentation and comfort in private 
planes of the future can be based on 
the past of the automobile. As soon as 
the novelty of the early automobile 
had worn off, the buying public de- 
manded comfort and gadgets, and got 
them. So it will in the airplane. Two- 
way radio will be a necessity on every 
airplane so that the pilot can keep in 
touch with the airport control tower. 
There should be sufficient instruments 
for blind Hying, parachute type seats, 
hydraulic brakes, controllable or con- 
stant-speed propellers, and so on. In 
the family plane, women will have a 
great deal to say and will insist on in- 
terior Hnish and comfort comparable 
with that of the automobile. The noise 
level of the present private plane is 
apt to be somewhat high, but this does 
not disturb keen sportsmen of the air. 
The more prosaic travelers of the near 


Upper lelti The Aeronca Super Chief 
ond# at left, a view of the interior of 
the cabin of the tame ship. Upper 
right: The Toylorcroft model L-2, on 
adoptation of the Toylorcroft tondem 
troiner now being used by civilian pilots 

future will, however, insist on less 
noise. 

It is often said that there can be no 
private flying until the airplane is safe, 
and that some miraculous invention is 
needed to make the airplane safe. A 
more reasonable view is ^at the safety 
of flying is compounded of many fac- 
tors, and that constant improvement 
has already made the airplane safe in 
competent hands, just as the automo- 
bile still is safe only in competent 
hands. There will probably be reached 
a compromise between ultra caution, 
too lojw a landing speed, non-spin, non- 
stall, and limitation of maneuver, and 
the very fast, ultra-controllable sports- 
man’s dream. 

There is every reason to believe that 
prices of post-war planes will be very 
much lower than pre-war. This will be 
true partly because engines will be so 
plentiful and cheap, partly because our 
production method have been so great- 
ly improved. John M. Hagan, of Aeron- 
ca Aircraft, estimates that this reduc- 
tion should be of the order of 30 to 
40 percent. Some well informed people 
think that a four-seater airplane with 
a speed of 150 miles an hour will be 
available at a price of $1500. That would 
be the aviation millenium and is a little 
too much to hope for. Mr. Hagan more 
conservatively estimates the two-seater 
as likely to cost between $1000 and 
$2500, and the four-place job between 
$3550 and $6000, the latter figure to 
cover the use of two engines in the 
power plant. One thing is certain: The 
public will be able to get exceedingly 
good value for its money. An important 
point for manufacturers* They should 
provide wholly adequate facilities for 
maintenance and repair, and spare parts 
should not be on the expensive scale 
of those for military aircraft. 

General Aircraft Corporation has 
opened up a bit in regard to its post- 
war plans and has released some in- 
formation regarding a new design 
which is both Interesting and “futur- 
istic.” 

This is a “readable” machine whose 
flying characteristics will be similar to 
those of the Skyfarer Master shown in 
one of the illustrations. This ship is to 
have two-control operation: tluit is, 
elevator and ailerons only. The same 
controls are to operate the machine 
both as a car and as an airplane. The 
wings are removable and, after having 


been taken off, are checked at the air- 
port.. The plane then becomes a modem 
streamlined car with a ground speed 
of 60 miles, powered through its rear 
wheels. Here is a prophetic quotation: 
“Our business man leaves his home in 
the morning in his ‘car,’ drives to the 
airport. While having his ‘car’ filled 
with gas, the attendants put on the 
wings, a five-minute job. After flying 
to his destination, he has the wings re- 
moved, drives his ‘car* downtown, 
makes his necessary calls, drives back 
to the airport, and, donning his wings, 
goes on to his next destination by air.” 

The Skyfarer Master itself, as now 
designed, can provide comfortable air 
travel for a family of four adults. It is 
to cruise at 135 miles per hour, have a 
cruising radius of 600 miles, and gas- 
oline consumption of eight gallons per 
hour. Here the designers have gone all- 
out for “two-control,” with rudder elim- 
inated, and the airplane is “non-spin- 
nable.” A tricycle landing gear, the 
same controls for the steerable front 
wheel as for flight, and a landing speed 
of 40 miles an hour are other features. 

W. B. Stout, of the Stout Research 
Division of Consolidated Vultee, has 
opened up even more and has given 
another fascinating picture of the fam- 
ily car-and-airplane of the future. Mr 
Stout, famous for his vision, his design 
ability, and his perfect command of 
Minnesota Swedish in after-dinner 
speeches, sees flying autos and trucks 
— planes that fold their wings on alight- 
ing and then run along the highway on 
their four-wheel landing gears. 

Howard Stephenson, in “Plane Talk” 
gives this view of the future: “Your 
three-passenger family car, which takes 
wing for week-end trips and vacation 
jaunts, will weigh 1500 pounds, half 
as much as a pre-war Ford coupe. It 
will have a standard 60-inch wheel 
tread, will do 60 to 70 miles on the high- 
way and will use about as much gas as 
your old car. Its tires will be standard. 
Its transparent body will enable you 
to see everything in sight, including the 
envious neighbors. For a flying trip, 
you back the car into a nearby garage, 
let down the combined wing and out- 
rigger tail assembly, and hook ’er on. 
The wing spread is 35 feet. A pusher 
prop is at the rear of the body in or- 
der that you may get maximum vision. 
You taxi across the runway and take 
off, soaring over treetops ... at 100 
miles an hour. Your cniising range is 
about 250 miles.” The two imaginative 
pictures on page 199 make the story 
even more graphic.* 

*Some of the l&ore eoneenrattve rlewe o( the future 
of private flyint were presented in the note 
**Alrplanee of the Future.'^ page 146. October 1943 
Scientific American -—The Editor 
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In the matter of private flying, as in 
everything else, the Government must 
come into the picture. The requirements 
of the Civil Aeronautics Administration 
for private pilots’ licenses should be re- 
duced somewhat. The states should not 
be permitted to license, as the private 
owner would then have to deal with 
two licensing bodies. More auxiliary 
and emergency fields should be govern- 
ment-built. W. B. St. John, of Piper 
Aircraft, says: “The post-war expan- 
sion in flying will be limited only by 
the utility to which the airplane can be 
put. Thousands of new airports, land- 
ing strips, and seaplane bases must be 
constructed throughout the country to 
increase the utility and safety of flying.” 

The foregoing gives, perhaps, only a 
shadowy picture of the private plane 
of the post-war period. But one con- 
clusion is far less shadowy. The Amer- 
ican airplane industry has done a splen- 


rjtcToiT auimiTiOM 
lift at lifli LfVfls hf Vtw 
Strviclai Cqalpatai 

L ITTLE information is available con- 
cerning the advanced types of airplanes 
now being produced in our factories. 
That is as it should be; only when air- 
craft have been brought down over 
Germany and the enemy can analyze 



Abovet The Luscombe Sll- 
voire in flight Upper right: 
The Piper trainer* with o 
high speed of 150 miles 
on hour. Rights The Sky- 
forer Master* on which will 
be based a '"roadable" plane 



did job in building a magnificent mil- 
itary air fleet. It certainly will meet the 
challenge of post-war developments 
equally as well. Whatever the final form 
of the private airplane of the future 
may be, we can be sure that a number 
of ships having the utmost in popular 
appeal, safety, utility, and performance 
will make their appearance in the com- 
petitive markets of peace. 




them, should the veil of secrecy be 
lifted. 

But we can learn much from new 
production methods applied in the air- 
plane plant. Such methods cannot be 
transplanted, and that explains why 
production wrinkles, ranging from auto- 
matic riveting to conveyor systems for 
the construction of single-seater fight- 
ers, can be more freely discussed. 

One of our photographs show a newly 
developed method of servicing electric 
lamps, which, while a minor achieve- 
ment, is a helpful one. The 40-watt 
lamps are placed 35 to 40 feet above the 
floor and must provide 33 foot-candles 
of illumination at working levels, night 
and day, without a moment’s interrup- 
tion in a completely blacked-out plant. 
The photograph shows two members of 
the service crew high in the air at their 
vital task. The platform, motor driven, 
has greatly speeded up the work of ser- 
vicing these lamps in a factory where 
every inch of space must be brightly 
illuminated for efficient operation. 

BI4CII 

Him ImI f I Ixkaiit 
Cm tnm bflaf 

The development of a new type of de- 
icer, in which the heat of the exhaust 
gases is iised to prevent the formation 
of ice on wings, tail surfaces, and wind- 
shield of the airplane, has just been re- 
vealed by Tom Girdler, Chidnnan of the 
Board of Consolidated Vultee. The idea 
is not new; experiments with exhatist 


heat de-icing were made by the Na- 
tional Advisory Committee for Aero- 
nautics several years ago. Nor is the 
principle at all complicated. Air heated 
by the exhaust pipes is distributed in- 
side the wing and tail surfaces by suit- 
able ducts, one duct being disposed 
along the leading edge of the wing. 
From there the heated air is led to an 
outlet duct and is discharged in a rear- 
ward direction. 

Of course, care has gone into the de- 
sign of a ram air scoop for the heat 
exchanger, the pump for driving air 
into the tail unit, the provision of a 
control gate, and the like. But, on the 
whole, the application of exhaust heat 
to de-icing is a matter of straight-for- 
ward engineering. 

Many other methods of eliminating 
icing have been tried as, for example, 
by smearing the leading edge with 
various anti-icing liquids, but this was 
not very successful. The Goodrich rub- 
ber overshoe, now in general use, has 
been far more useful. In this method 
a rubber section is fastened to the lead- 
ing edge of the wing and, by the aid 
of air under pressure, the ice is broken 
away from the wing by inflation of the 
sections. This method has worked quite 
well, but is apt to be useless after a 
certain amount of ice has formed. Also, 
the inflation of the leading edge and the 
provision of the overshoe had some 
detrimental effects on over- all efficiency. 

AllCUn HTBIMLICS 
StadM Witk Ntek-Hp if 
Sliadari Parts aa4 LiiM 

The airplane began with the utmost 
simplicity of equipment and accessories; 
the air liner of t^ay is almost as com- 
plex as a huge passenger steamship. 
The hydraulic system in particular is 
a complicated part of the whole. Thus, 
the Boeing School of Aeronautics has 
had its students construct a mock-up of 
the hydraulic system of the Douglas 
DC-3 with all standard parts and lines 
clearly visible. Such a hydraulic mock- 
up should be generally available also 
for training airplane mechanics. 
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CHEmsTiT n nouniT 

Conducted by JAMES M. CROWE 

From The Pine 

Navil Slant Pndaciita is TaUaf i Rtw Lmm m Uft. Ap* 
fiitd BmmkIi, Providiaf a Maw hiostrial Appraack, Hat 
Aba Pmidad How Natkata br Ika PnSads al tka PiM. 
Pmaisiag aa laiparlaal Fohura for Tarfaaa Ckaodtlr^ 

I N THE days when men went down to 
the sea in wooden sailing ships, tar 
and pitch, obtained from pine trees, 
were absolutely necessary to maintain 
the seaworthiness of ships. Tar was used 
to preserve the alUimportant hemp 
cordage and rigging from the destruc- 
tive corrosion of salt spray and damp 
air. Pitch was used for caulking seams 
with oakum, for ship bottoms, and for 
many other nautical uses. 

Because of this close association with 
shipbuilding and maintenance, it was 
natural that such a name as ''naval 
stores'' be applied to these materials, 
and this term has stuck to this day, in 
spite of the fact that they have long 
ago lost their intimate connection with 
the shipping industry. 

As the uses in connection with ships 
declined, other uses took their place 
and the naval stores industry developed. 

In a broad sense naval stores today in- 
clude various kinds of turpentines, 
rosins, pine oils, rosin oils, tars, and 
pitches, obtained from the oleoresinous 
secretions of various species of conifer- 
ous trees, notably the long leaf and 
loblolly pines found in our 
southern states. 

From 60 to 70 percent of 
the world’s production of 
naval stores comes from the 
United States. Of the re- 
mainder about half comes 
from France, with Spain, 

Greece, Portugal, Mexico, 
and India following in 
order. Smaller amounts 
come from Austria, Russia, 

Finland, Scandinavia, the 
Philippines, and Japan. 

'Naval stores are made by 
four principal methods 
which differ fundamentally 
in the methods of extract- 
ing the resinous material 
which is produced by the 
metabolism of the living 
tree and is stored up in 
microscopic channels called 
resin-ducts, from which man drains it. 

In the first method the gum is ob- 
tained by tapping the tree. Travellers 
have often b^n impressed by the sight 
of thousands of white-faced pine trees 
with metal pails or baked clay cups, 
shaped like flower pots, fastened to 
their trunks. These trees are the pro- 
duction plants for oleoresin, a grayish 
white secretion given off when ^e tree 
is wounded or cut. How this resin is 
formed, or what part it plays in the life 
of the tree is little imderstood. It is not 
to be confused with the sap in the tree 



Both rotln and turponttno are produced from sop 
token from pine trees which are "stripped" once 
a month to keep the sop flowing. The workman 
In this picture Is cutting porcdlel goshes thot 
slant downward ond toword each other. Keep- 
ing surface open assures steody sop flow 

ly known in industry as "gum naval 
stores.” 

The second method is known as sol- 
vent extraction. By this process, dis- 
covered about 1906, wood and stumps 
rich in oleoresin are shredded, steamed 
to open the pores of the wood, and then 
processed with hot mineral solvent. 
The extracted material, consisting of 
terpene liquids and resins, is separated 
by distillation and further refined 
Products made by this process are 
called "wood naval stores.” 

The development of this process has 
been of great importance to 
the South because, through 
it, the wholesale butchery 
of southern forests by early 
wasteful lumbering op- 
erations has been partly 
alleviated. It has made it 
possible profitably to clear 
and reclaim vast areas of 
cut-over timberlands where 
lumbering operations had 
left nothing but stumps 
and refuse. These cleared 
lands can then be reseeded 
in quick-growing pine, 
used as pasture land for 
the South's growing dairy 
industry, or planted to some 
other new crop, such as 
the tung tree which yields 
tung (chinawood) oil, a 
valuable raw material for 
paints and varnishes. 

The third source of naval stores is 
the sulfate process of making wood 
pulp. In this process the oleoresinous 
components of the wood are removed 
by chemical action. Sulfate wood tur- 
pentine is recovered by condensing the 
vapors released from the pulping di- 
gesters. The crude by-product is heav- 
ily contaminated with sulfur compoimds 
which are removed by chemical treat- 
ment and fractional distillation. The 
spent qooking liquor obtained from 
these paper mills, commonly called 
“black liquor,” is treated to recover a 


which circulates through the 
fibrous cells of the sapwood 
and cells of the soft inner 
bark. The oleoresin is some- 
times thought to be a by- 
product of cell metabolism — 
waste or excreta. So long as 
it is done properly, tapping 
seems to have no ill effect 
on the health of the tree. 

If the tree does not have 
vital uses for this excreta, man 
certainly has, and thus the 
turpentiners start their op- 
erations by chipping a "face” of the 
tree with a wide v-shaped incision and 
inserting a gutter to carry the secretion 
to the cups attached to the tree. Each 
week, beginning in March and continu- 
ing through October, the chippers make 
a new incision in the bark, each one a 
little higher than the previous one, to 
start a fresh flow of oleoresin. 

Experiments in the last year or so 
have shown that the flow of this mate- 
rial may be stimulated by the applica- 
tion of sulfuric acid or caustic soda to 
the incisions, and thus make possible 



more efficient production and higher 
profits. 

At regular intervals, a crew of dip- 
pers makes the rounds, gathering the 
raw gum from the cups, which is 
poured first into buckets and then into 
barrels. These barrels are then hauled 
to central plants where the contents 
are separated by simple distillation in- 
to the liquid fraction, gum turpentine, 
and the resinous residue, gum rosin. 
The rosin so produced is then filtered 
hot to remove foreign materials. The 
products thus obtained are collective- 
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mixture of fatty and resin acids called 
**tall oil.” With the increasing develop- 
ment of southern paper mills, new 
processes will undoubtedly be discov- 
ered to utilize more efficiently both the 
fatty acid and resin constituents of tall 
oil, and thus create new wealth from a 
material formerly largely wasted. 

The fourth mediod of obtaining naval 
stores is by destructive distillation. In 
the early Colonial days this was a popu- 
lar method because it required no 
equipment. Dead pinewood, which sel- 
dom decayed because of its high res- 
inous content, was gathered and cut 
into convenient sizes. A circular moxmd 
of earth was made and packed hard 
and coated with clay, except for a hole 
in the center which was connected 
by a conduit to an outer basin dug in 
the earth. The wood was stacked on 
this base and the kiln was completed 
by covering the wood with pine leaves 
and then with clay or sod. The pile was 
then kindled at the top and the fire 
gradually penetrated to the bottom in 
slow combustion with insufficient oxy- 
gen. It often took eight or nine days to 
complete combustion. In the meantime, 
the tar collected in the outer basin 
and was drawn off and strained. 

In the modern destructive distilla- 
tion process, the stumps and branches 
are loaded into steel cars which are 
run into retorts. After sealing the retort 
to prevent the entrance of air, heat is 
applied from the outside and die vola- 
tile products from the decomposition 
of the wood and resinous material pass 
off and are condensed. 

Naval stores are used today in almost 
every industry: To name a few — paint 
and varnish; soap; oils, greases, and 
printing inks; shoe polish and leather 
dressings; sealing wax and insulation; 
linoleum, oil cloth, and roofing; foun- 
dries and foundry supplies; paper; 
shipyards; pharmaceuticals and chemi- 
cals. 

The paint industry still consumes 


the largest amount of turpentine, al- 
though changes in formulation of pro- 
tective coatings in recent years have 
made petroleum and other solvents 
more desirable and have reduced the 
demand for turpentine. As a solvent 
for waxes, turpentine is still extensive- 
ly used in shoe polish and stove pol- 
ishes, It is an ingredient in many in- 
secticides, both because of its solvent 
and insecticidal properties. A large 
amount is still sold direct to households 
in small retail packages 
Consumption of rosin is spread over 
diversified fields. Tremendous quanti- 
ties go to the paper mdustry for use as 
a sizing material to improve greatly 
the strength and surface of papers. 
More than 135,000,000 pounds of rosin 


rosin building of Newport Industries, Inc. 

are used in the United States each year 
in the manufacture of soap. For many 
years, rosin was used only in laundry 
and industrial soaps — the familiar, 
cheap, dark brown variety. Its use de- 
pended to a large extent on the price 
of soap oils. When these oils were dear, 
more rosin was used; when cheap, less 
rosin was used. Recently, however, a 
large naval stores producer, through 
intensive chemical research, has de- 
veloped grades of chemically modified 
light-colored rosin which actually im- 
prove both bar soap and soap powder, 
and may be used in amounts up to 15 
percent. Before the war the use of rosin 
in soap was declining, but it now looks 
as if it will come back strong when 
chemical manufacturers are able to go 
into production on these new rosin 
compounds after the war. 

In fact, it is to similar chemical re- 
search that the naval stores industry 
in general has turned in the past decade 
in an attempt to pull itself out of the 
doldrums and to develop new uses for 
these materials 

One of the most noteworthy of these 
research developments is the manufac- 
ture of synthetic camphor out of chemi- 
cals from the pine tree. This process, 
perfected in the last ten years, broke 
the back of the high-priced Japanese 
monopoly on natural camphor and as- 
sured us of a continuous supply of an 
important medicinal and industrial ma- 
terial. Turpentine also serves as the 
raw material for the production of 
dipentene, terpineol, and pharmaceu- 
ticals such as terpin hydrate, terebene, 
and a number of other pure compounds. 

In the paint and varnish field rosin 
was fighting a losing battle, because it 
gave finishes that lacked hardness and 
water resistance and because its acidic 
nature caused trouble with certain basic 
pigments. The chemists got busy and 
combined rosin with alcohols to form 
chemicals called methyl and ethyl 
abietates, and with glycerine to form 
ester gum. These products now find 



A stock pUo ol piao stumps, at tbp Brunswick, Georgia, novol stores plant of Her- 
cules Powder Company, used In production of turpentine, pine olL and roeln 
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great favor in the trade and with other 
ingredienta form many of the better 
type of water-resistant varnishes. 

In the last few years naval stores 
have also become raw materials for a 
great many new chemicals, with a wide 
range of uses as varied as in perfumes, 
S3mthetic rubber, and drugs. 

In the light of what has been done, 
it is reasonable to believe that before 
long this new branch of terpene chem- 
istry will take a more important place 
alongside the fields of coal tar, cellu- 
lose, and petroleum chemistry. Thus 
with its new approach to progress 
through research, the naval stores in- 
dustry may regain much of its early 
prestige and importance as one of 
America’s oldest, and the South’s great- 
est, enterprises. 


m m ^ 

CnSNICU CLEAI1M6 lOQSE 
Astblt Itssareli Wtrktrs ia 
gatil if lars CktsUcals 

Most workers in chemistry have often 
wished for some sort of clearing house 
to which they could turn when they 
needed a rare or uncommon chemical 
compound. They quickly found out 
that there was no such place and either 
had to turn detective and hunt down 
a source or roll up their sleeves and 
synthesize a small quantity of the com- 
pound for themselves. In either case it 
was a hard job and wasted much valu- 
able time. 

Thus it was a happy day for research 
workers when the Armour Research 
Foundation decided to do something 
about the situation. What they did was 
to form a National Registry of Rare 
Chemicals, a clearing house for infor- 
mation to be maintained, without 
charge, in the interests of the scientific 
work of the nation. 

The object of the service is to inform 
a chemist, or for that matter any re- 
search worker, where he can get a rare 
or unusual chemical. The Registry is 
not a “chemical bank,” inasmuch as it 
does not buy or sell materials, but 
merely maintains an indexed file of 
sources. Chemicals which can be found 
in the catalogs of regular suppliers are 
not included in the file. 

The Registry passed its first birthday 
a few months ago and was able to 
look back on a year of successful ser- 
vice during which it has saved the 
valuable time of research in nearly 
every industry in private laboratories, 
and in educational Institutions. 

lAmiT BITAim 
Nads iiMi Byirtdaels •! 

PlisUcf Naatfaclart 

A PLASTIC storage- battery retainer 
manufactured from polystyrene, for use 
in certain types of Exide batteries, not 
only has technical advantages, but is 
also said to be more permanent than 
the former type of retainer, according 
to the Electric Storage Battery Com- 


pany. In addition, as it is now being 
manufactured, it uses less critical ma- 
terial. 

“Development work on the new re- 
tainer was started in the Exide labora- 
tories before the outbreak of the war,” 
states L. E. Lighten, Manager, Develop- 
ment and Design Department. “The ob- 
ject of this experimental work was to 
find a material superior to existing re- 
tainers from both the performance and 
manufacturing costs angle. Extensive 
field tests were undertaken and Exide 
was virtually ready to put the new plas- 
tic retainer on the market when the war 
effort of our Allies began to demand 
the raw material from which it was 
to have been made. 

“This presented a double problem, as 
the shortage of rubber later made it 
even more urgent that some way be 
found to produce the new plastic re- 
tainer without drawing upon the sup- 
ply of another critical material. Work 
on this newest phase of the develop- 
ment was begun in spite of what seemed 
a hopeless task with so many plastics 
being rapidly put on the critical list. 
However, our research laboratories 
again went to work on the problem, 
and the result is the new slotted poly- 
styrene retainer which Exide is now 
putting on the market. 

“Although the basic raw materials 
are still on the critical list, the new 
polystyrene retainer can be manufac- 
tured from secondary materials, by- 
products from the use of this material 
for other war purposes. The result is a 
retainer that marks a distinct step 
forward in battery design just as the 
slotted rubber type, which was devel- 
oped years ago, did in its day.” 

CHCNICJUL PEEUWe 
Ptlalf Skiat Btaitved Btfldly 
By Bit tf Canslic Seda 

This seems to be an age of freedom 
from this and freedom from that. 
President Roosevelt proposes four free- 
doms, then someone else ups him to 
six or eight, and so on. Not to be out- 
done, industry is also seeking new 
freedoms. One of the latest is freedom 
from peeling potatoes. According to re- 
cent research work, definite progress is 
being made on the removal of vegetable 
skins by the use of solutions of lye, or 
caustic soda. 

The increasing demand for canned 
potatoes and especially the huge re- 
quirements of dehydrated vegetables 
for the armed forces and Lend-Lease 
has stimulated the investigation of 
methods for improving lye-peeling pro- 
cesses which fot several years have 
been used in a very limited way for the 
peeling of small, freshly dug potatoes 
used by canneries in Delaware, Mary- 
land, Virginia, and southern New Jer- 
sey. 

During the past two years several 
new lye-peeling installations have been 
made for larger and tougher skinned 
potatoes. The work thus far has indi- 
cated that, for large tonnages, peeling 
with a lye solution is more economicid 
than by any other method. Skin and 
eye removal is accomplished with a 
minimum weifid^t loss ranging from 


about 10 to 15 percent, depending upon 
the condition of the potatoes. 

The peeling is carried out by the fol- 
lowing operations: Potatoes are dusted 
and waited in water and then im- 
mersed in a caustic solution of just the 
right temperature and concentration. 
They then go to a washer which pro- 
vides mechanical action and water to 
carry away the skin and thin, yel- 
low, gelatinous layer formed in the lye 
bath. When the potatoes are finally 
rinsed, they appear gleaming white, 
with no trace of lye left. They are then 
ready for canning or for slicing and de- 
hydrating. 

amh-fbeeze 

Bscsadlitisatr Bstlerts Aali- 
B«fl Frspsrtisf 

A NEW chemical inhibitor for recondi- 
tioning last winter’s anti -freeze solution 
is now available to car owners, accord- 
ing to G. W. Sherin, Director of the 
Chemical Specialties Division of the 
Du Pont Company. The new compound, 
developed last year for the United 
States Army, is being released for civil- 
ian use in co-operation with a WPB 
request that motorists conserve their 
old anti-freeze solutions. 

“Many car owners have removed 
their last winter’s anti-freeze, and 
stored it for re-use,” Mr. Sherin says, 
“in anticipation of the anti -freeze short- 
age expected this winter. This is a 
sensible plan, but anti-freeze should 
not be used a second season unless it is 
reconditioned. 

“Automotive engineers have learned 
that some types of anti-freeze lose their 
rust-inhibiting properties and become 
acid after extended use. If they are re- 
introduced into a cooling system with- 
out being treated with an inhibitor, 
they will promote rust and corrosion. 
The acid may attack the metal parts. 

“The WPB Conservation Division, 
aware of this danger, recently recom- 
mended that a re-inhibitor be added to 
the stored anti-freeze to make it safe 
and efficient for future use,” Mr. Sherin 
says. 

The new product does not contribute 
to the anti-freeze properties of a solu- 
tion, Mr. Sherin cautions, but simply 
neutralizes any acid formation and re- 
stores the lost rust inhibitor. When 
treating the anti -freeze, it is advisable 
also to filter it in order to remove dirt 
and rust particles. 

Ethylene-glycol “permanent” anti- 
freezes need reconditioning more than 
the alcohol types, Mr. Sherin adds, but 
the new inhibitor can be safely used in 
any standard anti-freeze solution. In 
fact, it may also be used as an anti- 
rust with plain water during the sum- 
mer months. 

“If the car owner has allowed his 
anti-freeze to remain in the cooling 
system during the summer, it is wise 
to add the reinhibitor. While most 
standard anti-freezes retain their rust 
inhibitors as long as they remain in 
the cooling system, the inhibitora may 
lose their strength, and acids may de- 
velop. It is best to play safe and recon- 
dition the anti-freeze solution,” Mr. 
Sherin says. 
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A concrete tcmkar lust after launching at a Georgia ihlpyord 


ENGINEERnG 

Conducted by EDWA’RD J. CLEARY 

A fter a lapse of more than 20 years, 
concrete ships are again sailing 
the seas as cargo carriers. Constructed 
for the United States Maritime Com- 
mission as a war measure, they are 
one third the length of any ship afloat 
and their overall dimension of 366 feet 
at the water line compares with 441 
feet length of the well known Liberty 
freighters of steel. With a beam of 60 


are familiar, opened a new source of 
skilled manpower to supplement the 
army of woikers being trained for the 
specialist tasks in shipbuilding. 

The first cost of a concrete ship is 
substantially less than that of a com- 
parable steel ship For example, a Lib- 
erty freighter (E.C. 2 type) costs $1,- 
800,000 to $2,000,000. A concrete ship 
with two thirds the carrying capacity 


Seagoing Conciete 

Many Lessons Abont Good, Lifhi*Weighl Concrete are Being Learned Dnr- 
bg the Constmetion ei Large Vessels, Beth With and Without Power, lor 
the Current United States Maritime Cenunission's Program. Some oi these 
Ships are Already Aiding the Allied Cause 

By HAL W. HUNT 


feet and a depth of 40 feet, their cargo- 
carrying capacity ranges up to 6000 
long tons. Flying the American flag, 
8on>e of these vessels of “stone” and 
steel already are playing a part in mov- 
ing war goods. 

Some of the new concrete units are 
called barges because they are not 
equipped with individual power units. 
But all of them are conventional, ship- 
shaped vessels, and the barges are 
capable of being towed to any port in 
the world. 

In this war, as in World War I, con- 
crete ships were adopted because suffi- 
cient steel plate rolling capacity was not 
available for fabrication of all the ships 
required for full prosecution of the war. 
Then, too, the use of concrete, a mate- 
rial with which many construction men 


can be built for about $1,000,000. How- 
ever, concrete ships are considered loss 
economical to operate than are those 
built of steel. Since they have much 
greater hull weight than steel ships 
of comparable carrying capacity, they 
require more power for propulsion and 
they are slower and less maneuverable. 

During and immediately after World 
War I, twelve concrete ships were com- 
pleted for the United States Shipping 
Board, the equivalent agency of the 
present Maritime Commission. Several 
more concrete vessels were constructed 
by other governmental and private 
interests. The Shipping Board vessels 
ranged in size from 3000 -ton cargo 
boats to 7500-ton tankers, the latter 
more than 450 feet in length. One of 
these vessels. Faith, voyaged to Van- 


couver, Honolulu, Chile, New York (via 
the Panama Canal), and later to Lon- 
don. Other concrete ships made numer- 
ous coastwise voyages and were en- 
gaged in the West Indies and South 
American service. 

The current Maritime Commission 
program of concrete ship construction 
includes 65 reinforced concrete tanker 
barges under contract; 77 more are 
authorized. Each of these vessels has 
a capacity of 40,600 barrels (about 
2,000,000 gallons), and is intended to 
carry medium-density fuel oil, such 
as is used in homes and small indus- 
tries. 

Also under construction are 26 dry- 
cargo barges intended for operation 
between the United States and Latin- 
American countries, and 24 self-pro- 
pelled reinforced concrete freighters, 
intended primarily for transportation 
of bauxite ore from which aluminum is 
made. 

More than 50 sea- going tugs, some of 
the most powerful ever used, are being 
built to tow the 91 non-powered vessels. 

Concrete is a material that is almost 
as easy to mold into shape as clay, but 
the forms required to mold it In the de- 
sired thickness and prescribed lines for 
a ship are difficult to build and hold in 
place. 

Since concrete can be formed into 
any type of streamlined shape, some 
proponents of concrete vessels feel that 
designs following the conventional ship 
lines established for steel vessels should 
be abandoned in favor of a circular or 
semi-circular compartmental design. 
They point out that in the period im- 
mediately following World War I, two 
tankers based on this type of design 
were constructed and were in satisfac- 
tory operation for some time. 

(Concrete for ships must be water- 
tight, unusmally strong and diurable, 
and light in weight. All concrete, of 
course, does not meet these speciflea- 
tions. 

Ordinarily, the best concrete is the 
heaviest, since it is made of the densest 
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ingredients. The aggregates used are so 
proportioned that every space between 
larger pieces is filled by smaller ones 
down through the finest sand. Then the 
cement, finer than flour, serves to coat 
all the particles with a fine grout that 
binds all of the materials together. 

Good concrete, prepared by conven- 
tional methods and vibrated so that 
it forms a dense mass, weighs about 150 
pounds per cubic foot. Walls 4 to 6 
inches thick are necessary to provide 
the required strength and to cover the 
steel needed for the tensile reinforce- 
ment of a ship. Concrete in the bottom, 
side-shells, and decks of a ship would 
then weigh 50 to 75 pounds per square 
foot of surface, compared with about 
25 pounds per square foot for % inch 
thick steel plating usually used on a 
freighter. 

N early half of this weight differen- 
tial can, however, be overcome by 
using lightweight material from which 
to make the concrete. The aggregate 
most commonly used is sold under the 
trade name Haydite, and is a burned 
and crushed clay product. This material, 
developed during World War I although 
not widely used in the ships built at 
that time, has found many industrial 
and commercial uses. 

Coarse Haydite, up to % and V2 inch 
in diameter, weighs about 35 pounds 
per cubic foot (comparable gravel or 
stone aggregate weighs 90 to 105 
pounds) and the fine aggregate, smaller 
than V4 inch diameter, weighs about 
42 pounds per cubic foot. Concrete 
weighing about 108 pounds per cubic 
foot and having a strength of 5000 to 
6000 pounds per square inch, when 
tested in compression at the age of 28 
days, can be made from this material 
using 9 to 10 sacks of standard Portland 
cement per cubic yard. 

A new type of lightweight aggregate 
is now being made at a plant in Florida 
using a nodulizing process on pulver- 
ized fullers earth. In this process a fine 
spray of water, with different size 
droplets, is impinged on dust- dry fullers 
earth particles. This forms different 
size nodules, much as raindrops gather 
dust. Moisture holds the nodules to- 
gether until they are burned into a 
hard clinker from which the light- 


weight aggregate is made. Developers 
of the process claim that the aggregate 
is more satisfactory than the clay prod- 
uct, as it is less absorptive. Further- 
more, it is said Iftat the rounded par- 
ticles flow better than the crushed par- 
ticles of clay and thus will “fill-in” 
better around the reinforcing bars. 

Both types of lightweight aggregate 
require the addition of a small amount, 
about 15 percent, of natural sand aggre- 
gate because manufacturing processes 
now in use do not produce enough fines 
to make the required watertight, dense 
concrete. 

Use of the lightweight aggregate 
makes it possible to build concrete ships 
that will carry an average of 5500 long 
tons of cargo, compared with the limit 
of 4300 tons that would be carried in a 
similar ship made of “stone” concrete. 

Considerable reinforcing steel — about 
one-half or more of the weight of plates 
required for a steel ship of the same 
carr3dng capacity — are needed to give 
structural strength to a concrete vessel 

The design followed in Maritime 
Commission ships calls for very heavy 
reinforcing steel, particularly in the 
bottom of the vessel. The principal re- 
inforcing consists of two layers of 1 
inch square bars spaced 2 ¥^ inches 
part and welded so that they are con- 
tinuous throughout the full length of 
the vessel. 

Bats in the side-shell are smaller, 
spaced farther apart, and are lapped 
instead of welded for continuous 
strength. Deck bars are welded to take 
the greater stress caused by “beam ac- 
tion,” such as would occur when waves 
roll under the vessel. Wave action of 
this kind sometimes causes the entire 
ship to be supported in the center only, 
and the two ends are left “hanging” 
in the air, thus producing high reversed 
stresses. 

The exterior shell of the ship as well 
as the deck are stiffened and supported 
by frames of reinforced concrete at 
about 10 feet center to center. A solid 
transverse bulkhead or wall at intervals 
of about three frames, and one or two 
solid longitudinal bulkheads, are used 
to stiffen the ship further. These bulk- 
heads serve as watertight barriers 
should one section of the hull be dam- 
aged. Between the widely spaced frames 


in the bottom, sides, and deck, the shell 
is strengthened by longitudinal concrete 
beams placed Integrally with the hull. 

Concrete ships are constructed on end- 
laimching or side-launching ways, also 
in building basins, which are similar 
to graving docks. Use of the building- 
basin method is preferred, because 
when the ship is completed it can be 
floated off the supporting structures 
without strain. 

Concrete is placed in wood forms 
that are carefully tied and braced to 
hold them in exact position to assure 
smooth lines for the exterior of the 
hull as well as correct alinement for all 
parts of the vessel. Forms usually 
are made of plywood, backed up with 
heavier wood members. Some of the 
more intricate and small interior forms 
are metal faced. 

The usual procedure is to erect the 
exterior form complete, then place the 
reinforcing and forms in the bottom 
of the hull and up to a height of 3 
or 4 feet above the lowest point of the 
keel. Concrete is then placed to this 
level, followed by the placing of rein- 
forcing steel and forms for an addi- 
tional lift up to about the deck line. 
The decks are placed in later pours. 

G reat care must be exercised to as- 
sure watertight concrete and wa- 
tertight joints, particularly below the 
water line. Therefore the concrete for 
ships must be of the highest quality, 
achieved by careful control in mixing 
and placing. It is always placed in small 
quantities, largely by hand, then care- 
fully vibrated to minimize the occur- 
rence of voids. 

To increase the strength of the con- 
crete and harden the exterior surface, 
some builders of ships are using a 
“vacuum” process for removing water 
from the concrete in excess of that 
needed for hydration of its cement. This 
is accomplished by building into the 
exterior form for the ship a “vacuum 
mat” of expanded metal mesh, a layer 
of screen wire, and a non -waterproof 
canvas cover. A pipe-flange is attached 
over a hole in the plywood form and a 
vacuum, equivalent to 20 inches of mer- 
cury, is “pulled” on the concrete by spe- 
cial pumps. The bottom and other hori- 
zontal surfaces of the ship are processed 



ImlXx Stem of a coacroto borqo. Although tho tmsoI Is roady for louuchiag. tho framos supporting tho form hcnro 
not boon romovod. Right: Tho foropook of a concroto borgo uoos a small amount of stool ploto, os shown In this picturo 
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by portable mats of similar construction, 
which are used for a few minutes to 
draw the excess water from a small 
area and then moved ahead to follow 
the concrete placing. 

Despite all precautions taken to as- 
sure perfect concrete, it is found that 
some patching usually is necessary 
where ‘‘honeycomb” or minor cracks 
or foreign matter are found in this ma- 
terial. Patching is done by cutting out 
the objectionable concrete and refilling 
the opening, being careful to pack the 
new material tightly into place. 

Each compartment of the tanker hulls 
is tested for watertightness with a 
static head of 46 feet of water on the 
bottom, eqxiivalent to a force of 2880 
pounds per square foot. This pressure 
and the stresses from filling the tank 
with water, opens up any minute chan- 
nels that may exist or be incipient 
through the concrete. Even a little saw- 
dust dropped on the concrete while it is 
being placed may create a channel that 
will permit a small amount of oil to 
escape or salt water to enter. At every 
point where there is indication of mois- 
ture, small holes are drilled into the 
concrete, as deep as the reinforcing will 
permit, and cement grout is forced in 
with an impact grout gun. 

The United States Maritime Commis- 
sion, under whose direction the con- 
crete ships are being built, is headed 
by Admiral Emory S. Land, USN (re- 
tired), chairman, and Rear Admiral H. 
S. Vickery, USN, Vice-Chairman. Chief 
of the concrete construction section is 
R. D. Karr who works with James L. 
Bates, director of the technical division. 

The concrete vessels are being built 
at yards on the Atlantic, Gulf, and 
Pacific Coasts. Concrete Ship Con- 
structors, in California, arc building 
tankers in basins; original contract for 
22 ships has been augmented as com- 
pletion of vessels indicated the need for 
ordering further materials. The Mac- 


m 

TINBEB CONSTRUCTI01I 
Itachss All-TImi 
Higk Dvrlaf 1943 

All-timk records for timber construc- 
tion were established during the first 
half of 1943, when the largest amount of 
wood ever used in a building — 27,- 
000,000 board-feet— went into a cargo- 
plane assembly plant. Largest dear- 
span timber arches ever erected were 
used in a blimp hangar; they rise 153 
feet from the floor and span 237 feet. 

CHLOllHATED WATEI 
Tttisd ky Itw 
SimyUBei Ntlked 

Testing water purified with calcium 
hypochloride for residual chlorine is 
simplified by a new method developed 
by the Quartermaster Corps in collabo- 
ration with the Medical Corps and 
several industrial chemical companies. 
The testing method employs orthoto- 



Evoy Shipbuilding Company, in 
Georgia, is building 23 tankers on six 
enu-launching ways while San Jacinto 
Shipbuilding Corporation, in Texas, 
have four side-launching ways in use. 

Dry cargo barges, 26 are under con- 
tract, are being built by Barrett and 
Hilp in basins on San Francisco Bay. 
The only powered concrete ships so far 
contracted are 24 units being built by 
McCloskey and Company in basins in 
Florida. 

In contrast to World War I, when hos- 
tilities ended before any concrete ships 
were completed, we are now using 
concrete ships in active theaters of op- 
eration. Some of the tankers, for ex- 
ample, have been towed loaded to the 
South Seas where they are now serving 
as mobile emergency storage tanks for 
the Navy. And, recently, dry-cargo 
boats have also been put into service. 




lidine in a newly developed tablet form 
rather than in solution, each tablet 
representing one cubic centimeter of 
tlie liquid. Orthotolidine, a chemical 
reagent that produces an intense yel- 
low-green color in the presence of 
chlorine, is widely used for determining 
the extent of chlorination of water. 

The tablets are packed in a nested 
double tube, the inner one of glass con- 
taining 50 tablets, and the outer one 
of plastic serving as a tube for the test- 
ing operation. The outer tube has a %- 
inch transparent yellow band at the top 
showing the exact color the water 
should have when tested after chlorine 
treatment. 

In the testing operation, the outer 
tube is filled to the lower edge of the 
yellow band with the treated water 
and the tablets are dropped into it and 
allowed to dissolve. Ji the resulting 
color of the liquid in the tube is lighter 
than the color of the yellow band, the 
water requires more treatment with 
chlorine, while an equal or slightly 
darker color Indicates the water has 


been satisfactorily purified and is safe 
for use. If the liquid turns an orange 
color, the water is too heavily treated 
with chlorine and more untreated water 
must be added to the supply being 
tested. 

The new testing method was devised 
to replace the more complicated con- 
ventional method employing orthotoli- 
dine in liquid form. 

TIMBER MOISTURE 
Rsmoval Wilk Solvtati 
Row Boing Tostoi 

A PLANT for checking commercial pos- 
sibilities of a process for extracting 
oil, resin, and moisture from timber by 
means of solvents is being built by the 
Western Pine Association in Portland. 
Oregon. 

The idea for thb unique curing 
method came about as a result of ex- 
periments on removal of oil and resin 
from knots to prevent “bleeding” 
through paint. During these experiments 
it was discovered that the solvents re- 
duced moisture content to a surprising 
degree, keeping the wood lighter in 
color ihan when dried in a kiln. 

A notable characteiistic of wood 
treated by the extraction method is said 
to be its readiness to absorb liquids, 
such as preservatives, water repellents, 
fire retardants, and coloring matter or 
stains. 

SHIPROILBIRC SPEED 
Is Prtiiciag Yist 
Mtrckaal Heel 

THUMBNAIL sketch of our shipbuild- 
ing progress reveals that we will pro- 
duce 19, 060, 000 deadweight tons of dry 
cargo ships in 1943, almost the equiva- 
lent of the entire British merchant fleet 
at the start of the war. Over 700 ships 
have been turned out so far this year. 
Expected to require 210 days to produce, 
the average time from keel-laying to 
delivery has been cut to 50 days per 
ship. 
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METALS m INDVSTBT 

Conducted by FRED P/ PETERS 

T he pressing problems of modem 
war production have been solved in 
himdreds of instances by nothing less 
than presses themselves — ^presses ap- 
plied to shaping and forming metal in- 
to vital munitions or mach^ery com- 
ponents. Three of the war’s biggest 
production engineering developments 
have involved the working of metal in 


Pressing Metal 


WUhout SacrillM 


presses, and a large segment of our 
over- all conservation achievement is 
directly attributable to the availability 
and use of metal-stamping presses on 
a wide scale. 

New technical knowledge of press- 
working has contributed to these uses. 
And conversely, out of this broaden- 
ing application have emerged new tech- 
niques taught by war-production, as 
well as increased respect among engi- 
neers for the utility of pressed-metal 
fabrication as a manufacturing tool. 

The versatility of presses as metal- 
working tools is partly the result of 
considerable diversity in types and de- 
signs available. For almost any purpose 
requiring presses one may em- 
ploy either a hydraulic press 
or a mechanical press. Presses 
are rated in capacity according 
to the maximum load that can 
be applied; the largest presses 
in use today have capacity rat- 
ings in the neighborhood of 
6000 tons. 

In its essence, a metal-work- 
ing press is a machine with a 
sturdy stationary component, 
in which the metal being formed 
is held, and a moving component 
that applies pressure to the 
metal. Dies are often employed 
to reproduce contours to ac- 
curate dimensions. Some famil- 
iar types of presses are (a) 
blanking presses, which knock 
flat shapes out of flat sheets of 
metal; (b) forming presses, 
which make bulges, tumed- 
up edges, flanges, cups, domes, 
and so on, in what was once a 
flat sheet; (c) stamping presses, 
which do both of the foregoing 
in one operation, knocking out 
finished parts in many cases 
from a flat piece of metal; (d) 
drawing presses, which form 
cup- or bowl-shaped parts, 
tubes, or cylinders out of flat 
pieces; (e) iM'ging presses, 
which push hot met^ into de- 
sired shapes, with the aid of 


dies; (f) extruilon presses, which draw 
out solid billets of roimd or rectangu- 
lar cross-section into long bars of often 
intricate cross-section; (g) piercing and 
drawing presses, which convert a $olid 
bar or billet into a longer tube or pipe; 
and (h) powder metallurgy presses, 
which press metal powders h^d in dies 
to "'briquettes’* of roughly finished 


Into Soifice 


shape, ready for a consolidating heat 
treatment. 

There are other important types of 
presses and metal-pressing operations, 
but out of the aforementioned group 
have come some of the most significant 
technical achievements of our war pro- 
duction effort. For example, the de- 
velopment and present manufacture on 
a large scale of steel cartridge cases 
has been called by Major General 
Campbell, Ordnance Chief, one of the 
outstanding mechanical accomplish- 
ments of this war, and it all centered 
about the successful use on steel of 
press equipment originally designed 
and built for drawing brass cases. 


In World War I the Germans had 
tried with only limited success to pro- 
duce cartridge cases of steel instead 
of the traditional brass. American suc- 
cess with the problem in this war has 
been complete, for steel cases are being 
made in practically all calibers, the 
ammunition on which they are used 
can be employed in barrage fire (Ger- 
man steel cases of World War I could 
not, because cases could not always be 
extracted properly), and several hun- 
dred thousand tons of copper and zinc 
per year are being saved for other uses. 

The technical problem involved the 
production of a case (1) made of steel, 

(2) on presses like those used for brass, 

(3) economically and on a high-pro- 
duction scale, (4) whose wall would 
be elastic enough to expand at the 
moment of explosion and make a tight 
seal against the breech of the gun, and 
then to contract to permit ejection; 
and (5) whose body must be strong 
to resist the stresses of firing but whose 
mouth must be very soft to insure com- 
plete seal against back-fire of the pro- 
pellant. 

These physical properties in the steel 
are obtained by the cold work of the 
pressing operation. The operations had 
to be modified, additional draws intro- 
duced, new types of dies employed, and 
so on, for steel draws less easily than 
brass (the stress within the elastic 
range to produce a given amount of 
extension in brass is approximately one 
half that of steel), ""picks-up” on the 
dies to a greater extent, and corrodes 
more rapidly. 

Yet more than 50 manufacturers are 
now making steel cartridge cases, thanks 
to the co-operative efforts of scores 
of American manufacturers, engineers, 
and Army and Navy ordnance officers. 
Steel cartridge cases and pierced- 
and-drawn gun tubes are two 
single large-scale applications 
of metal -pressing to the win- 
ning of the war. Of at least 
equal importance as a contribu- 
tion to Victory has been the 
systematic and widespread con- 
version to stampings of num- 
berless ordnance products for- 
merly made by methods involv- 
ing much waste metal, excessive 
machining, or inordinately long 
production-time. 

Stamping and allied metal 
press-working operations pro- 
vide several advantages over 
casting, forging, or machining 
for many military items. Once 
the dies for stamping have been 
made, production is rapid and 
economical and parts are inter- 
changeable. The parts as they 
leave the stamping press often 
require no machining, so that 
the slow and wasteful removal 
of surplus metal is largely 
eliminated. Scrap from stamping 
operations is usually much less 
than that from machined bar 
stock, castings, or forgings. Very 
often, too, steel stampings are 
able to provide sufficient 
strength even in thin sections to 
match the properties obtained 
conventionally in thicker sec- 
tions of more critical brass 



OourtM7 Ameriona ICngiMftam OorporntJon 
Magnesium wheel covers lor airplanes receiv- 
ing the second cold draw In their production 
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aluminum forgings or cast- 
ings. 

These are the same ad- 
vantages that enabled 
pressed metal fabrication to 
cut costs in peace-time mass 
production. Early automo- 
biles, for example, xised 
rolled shapes, castings, 
forgings, and wood in their 
construction. The modem 
car is made largely of 
pressed steel — especially the 
frame, body, wheels, and 
fenders. To a large extent, 
so were refrigerators, wash- 
ing machines, oil burners, 
electrical appliances, and 
so on, and ^ese and sim- 
ilar markets kept 880 
stamping and press-form- 
ing plants going to the tune 
of $277,000,000 worth of 
business in 1941. 

But in 1942 the stamping 



lery sound-locator helmet. 
Originally this piece was 
cast of aluminum alloy in- 
to metal molds and re- 
quired 0.63 machine-hour 
for its production and 0.5 
assembly-hour. Projecting 
from the convex surface of 
the earpiece was an ec- 
centricaUy located, integ- 
rally cast, machined, and 
tapped tubular member to 
which the sound tube was 
attached. Near the edge of 
the casting 48 small holes 
were drilled to permit sew- 
ing-on a sponge rubber, 
chamois-covered pad. 

As redesigned, the new 
earpiece is a sheet steel 
stamping covered with a 
low-grade molded rubber 
pad, apd with an attached 
tubular member turned 
from steel tubing on a 
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industry’s level of operation had fallen 
to 25 percent of capacity through cur- 
tailment of manufacturing in the auto- 
mobile and other consumer product 
fields, and the situation of many of the 
plants, with idle machines and equip- 
ment, yet plenty of ‘‘know-how,” was 
desperate indeed. 

Then came The Great Conversion, 
one of the truly great production 
achievements of this war. Ordnance 
Items were largely designed as cast- 
ings or forgings, or to be machined 
from bar stock. It became apparent to 
ordnance officials and WPB early in 
the war-production program that fa- 
cilities for these types of fabrication 
would be swamped. Alert stampings 
manufacturers saw these casting, forg- 
ing, and machining bottlenecks on one 
hand and their own idle presses on the 
other, and determined to do something 
about it. 

One of them redesigned a number of 
ordnance parts to permit fabrication 
by stamping and submitted the new 
designs to the Chief of Ordnance in 
Washington, where they were enthusi- 
astically received. Then, to facilitate 
the redesign on a large scale of other 
ordnance and aircraft products, the 
Ordnance Department established in 
May 1942 a Suggestion and Conversion 
Section in Washington and in the 13 
Ordnance District offices, while the 
stamping manufacturers formed the 
Pressed Metal Institute to assist in sur- 


veying available equipment and in sub- 
contracting. 

This collaboration has been tre- 
mendously successful. During the first 
month 50 ordnance products were 
studied and 17 approved for conversion 
from forgings, iron castings, or ma- 
chined bar stock to metal stampings. 
Suggestions are ‘‘screened” and pro- 
cessed in the district offices before be- 
ing sent to Washington; up to the 
middle of this year 2708 redesign sug- 
gestions had been thus handled, of 
which 1042 are now in production. 

T hssi conversions to stampings have 
been limited chiefly to small parts, 
which also happened to have been the 
biggest bottlenecks. Frequently metal 
has been saved by reducing the weight 
of the finished part. At times a press 
assembly or a brazing operation or spot 
welding has joined several small stamp- 
ings to duplicate a machined piece. 

Irregular shapes that could be ma- 
chined only with great difficulty are 
now produced in a single rapid opera- 
tion on stamping presses. Locating-holes 
are punched in the same operation that 
produces the stamping, and the cost of 
a jig for drilling and the extra machine- 
time are obviated. And, as mentioned 
earlier, aluminum, brass. Monel, and 
other critical metals are replaced by 
steel wiUi no sacrifice in strength and 
often with a lowering of weight. 

Typical of what has been done is the 
redesign of the earpiece for an artll- 


lathe, but suitable for ultra high-speed 
screw-machine production. The new 
piece is sturdy, light in weight, com- 
fortable, and every bit as effective as 
the original model. 

The trigger housing for the ,30- 
caliber carbine was formerly made 
from a steel casting or forging weigh- 
ing 1.3 pounds. It is now made as a 
steel stamping weighing 0.675 pound, 
and costs $2.00 as against $6.00 by the 
previous method. Machining operations 
were reduced from 36 to 14 and machin- 
ing time from 40 to 7.2 minutes. For 
every million carbines made it is esti- 
mated that enough steel will be saved 
to make 135,000 additional carbines of 
the same type. 

The files of the increasingly influen- 
tial Pressed Metal Institute and of the 
Ordnance Department are replete with 
case histories like these. For example, 
the sight for the now-famous “ba- 
zooka” is an assembly of stampings, 
and its design-development set a rec- 
ord for speed, only 14 days (instead of 
the expected 60) being required. Two 
prime contractors were signed up; the 
first found five small companies to make 
the dies and handle the stampings and 
assembly. Two of these had only 8 em- 
ployees, two others had 10 and one had 
50. One was a tool shop on a chicken 
farm. The second subcontractor sublet 
to three concerns, one with orUy 5 em- 
ployees. 

Late in July of this year the Operat- 
ing Committee on Aircraft Materials 
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Prpsling a large combustion head for a marine boiler 


Conservation (a creature of WPB’s 
Aircraft Production Board, the Army 
Air Forces, and the Navy Bureau of 
Aeronautics) announced that greater 
emphasis was required on conservation 
through Improved manufacturing pro- 
cesses as distinct from materials sub- 
stitutions. The committee cited a num- 
ber of conversions to stampings that 
have been most economical of time, 
material, and cost. Savings on one order 
were estimated at $660,000 when an 
aircraft engine component formerly 
machined from stainless steel bar stock 
and tubing was converted to a sheet 
metal stamping. 

In another case the substitution of 
a drawn plain carbon steel aircraft 
part for one machined from stainless 
steel bar stock reduced the material 
consumption per 1000 units from 285 
pounds of stainless steel to only 62.5 
pounds of the far less critical carbon 
steel. In addition, scrap production was 
lowered from 83.5 to 24.5 percent. 


9 

WABPEH ABNOB 
Plaits law laid Hal 
Darlaf Qaancblai 

A MAJOR problem in heat treating ar- 
mor plate — especially the light plate 
now so widely used — ^Is the warping 
that occurs, during quenching, when 
the steel plate passes through its "criti- 
cal” range. Overall flatness specifica- 
tions are such that armor plate which 
has been quenched by ordinary tank or 
spray methods must be mechanically 
straightened afterwards. In many ar- 
mor-treating shops that portion of the 
total time, labor, and expense con- 
sumed by straightening alone is the 
largest single item on the work or cost 
sheet. 

To overcome* this, about a dozen 


The results of the Ordnance Depart- 
ment’s Suggestion and Conversion pro- 
gram to date have been evaluated by 
the Department on the basis of the 1943 
ordnance procurement program. It is 
estimated that 64 million poimds of 
nickel, 17.5 million pounds of chromium, 
5.2 million pounds of tin, and 4.3 mil- 
lion pounds of molybdenum will be re- 
leased for the manufacture of other war 
material by substitution of low-alloy or 
carbon steel stampings for stainless or 
other high-alloy metals. 

The three primary war-production 
raw materials will be heavy benefi- 
ciaries of the program, too. Substitution 
of steel stampings for aluminum die 
castings and other forms will make 
available enough aluminum for 25,500 
fighter planes. Copper equivalent to 
more than three billion rounds of .50- 
caliber aircraft ammunition will be 
freed, while enough steel for the con- 
struction of 31,000 railroad oil tank cars 
is the estimated saving of that metal. 


American armor plate manufacturers 
are now using a new type of "pressure 
quench,” or some modification thereof, 
that automatically keeps the plate 
straight during the quenching process 
and obviates a larS® of the sep- 
arate straightening operations. It con- 
sists essentially of an ingenious but 
simple arrangement for pressing the 
plate uniformly on both faces and si- 
multaneously sprayihg both faces with 
water from the pressing unit as the 
plate emerges on a conveyor from a 
continuous-type hardening furnace. 

In detail, the pressure quench com- 
prises a rugged structural steel frame- 
work with a horizontal stationary upper 
press platen and a movable lower 
platen. As the armor plate emerges 
from the hardening furnace it passes 
onto separately driven conveyor rollers, 


which are stopped at the moment the 
plate is entirely on them and located 
directly between the platens. The 
lower platen then rises and its upward 
projecting lugs lift the plate off the 
rollers and press it against the down- 
ward projecting lugs of the upper 
platen. With the plate in this position 
the quench water is sprayed out of the 
platens on to both surfaces of the plate. 
When quenching is completed, the 
lower platen is lowered, the plate is 
deposited on the roller conveyor, which 
then carries the plate away. 

Hardness tests show an astonishing 
uniformity of production quality. In one 
case observed all but three out of 210 
hardness tests on successive plates gave 
exactly the same hardness reading, and 
even those three were well within spe- 
cification limits. 

But the big advantage is the saving 
in straightening time and labor the 
pressure quench provides. In one plant 
this amounts to 35 percent of the total 
man-hours formerly consumed in the 
handling, treating, and straightening of 
armor plate. In another, 75 percent of 
the straightening work — itself a major 
part of the total fabrication — was elimi- 
nated through use of the pressure 
quench. 

Most of the pressure quenches in use 
were designed and built by The Drever 
Company. The Ford Motor Company 
has built its own units along lines simi- 
lar to Drever’s. 

PLATIBG PBOBUNS 
Call lar Bxtrclst al 
Cood taclittalogy 

Xhe war has simultaneously accel- 
erated the application of science in the 
electroplating industry and increased 
the electroplaters’ awareness of the for- 
midable technical and commercial 
problems ahead of him. 

E. W. Cochran, of National Cash Reg- 
ister Company, for example, expects 
platers to be more conserving of the 
vital ingredients of their baths after 
the war than they were before. For- 
merly it was standard practice to dump 
down the sewer used plating solutions 
containing 20 to 50 percent of their 
original metal content. Now there are 
available and in use resins with ab- 
sorptive properties that are controllable 
and by which a large measure of the 
previously wasted bath metals can be 
recovered. 

Chromium plating of tools, anodic 
treatment of aluminum, and electrolytic 
polishing of various metals to secure a 
bright finish or to remove burrs are 
processes new to many electroplaters 
and are expected to be commonplace 
in the post-war picture. These and 
others may be needed, though, to solve 
some of ^e new problems the plater 
will face. 

Thus electroplating will find itself in 
competition with the new oxide and 
phosphate coatings that have been 
highly developed during the war. Hot- 
dipp^ tin may return to compete with 
the "emergency” electrolytic product. 
So it isn’t, going to be all clear sailing 
and good technology plus good business 
will be very much required 
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rUNDANERm SCIENCE 

Conducted by ALBERT G. INGALLS 


I N THE late ’twenties I heard a Com- 
mander of our Navy describe a dif- 
ficult and expensive test he had re- 
cently completed on the effects of depth 
bombs upon the hull of a submarine. 
He had taken one of the obsolete “O”- 
Boats from an Atlantic base out to sea, 
submerged it, dropped depth charges 
alongside, and then raised it to see 
what damage had been caused. The 


inspectors risked their lives to examine 
the interior of the damaged submarine 
in the choppy waters of Long Island 
Sound. More recently I read an excit- 
ting narrative, written by a test pilot 
who risked his life frequently to de- 
termine the characteristics and per- 
formance of new designs and models 
of aircraft. 

Although such hazardous experiments 
have long been regarded as virtually 
the sole way to learn facts about sub- 
marine and aircraft design, Europe has 
long used a short-cut which America, 
with its great wejilth of raw material 
and time, has ignored. Many questions 
which we have answered by expensive 
and dangerous experiment could have 
been answered more cheaply and safely 
by a mathematician with experience in 
engineering techniques. 

The United States is by no means 
laggard in the entire field of mathe- 
matics. To the contrary and beyond 
reasonable doubt, this country leads 
the world in the theoretical branch 
of the science. However, abstract 
mathematics has gone far beyond the 
scope even of most graduate engineers; 
almost all of them, while perfectly com- 
petent in the mathematics of known 
designs, are unable to take full ad- 
vantage of new developments in this 
highly complicated, wholly theoretical, 
field. On the other hand, engineering 
science has progressed so much that the 
theoretical mathematician cannot easily 
see the relationship between the ab- 
stract formulas and the practicality of 
new designs. 

This gap between the abstract and 
the concrete is bridged by the applied 
mathematician. 

Speaking mathematically, the average 
engineer Is versed almost exculsively 
in the application of familiar, prepared 
formulas to specific situations, and per- 
haps in occasionally adapting such for- 
miidas to new uses. In building a bridge 


or a ship hull or a coiiVeyor system or 
a production line he computes by sub- 
stituting known quantities within es- 
tablished formulas. Thus he can deter- 
mine how large stringer A should be, 
how to neutralize the effect of the 
torque at point D, or how rapidly the 
system should pass a given point and 
how to build accordingly. (This de- 
scription is not however, intended to 


imply that the engineer is a mathemati- 
cal babe in arms On the contrary, 
he must have a pretty solid working 
knowledge of the subject, m order to 
use some of the formulas of his voca- 
tion. Mo.st engineers themselves do, 
nevertheless, regard mathematics as 
only one of the tools of a highly varied 
and highly integrated profession.) 

The theoretical mathematician, on the 
other hand, almost never relates the 
development of his formulas to con- 
crete, material objects. He starts with 


an assumption tn vcucuo and develops 
its relativity according to mathematical 
principles. He cannot be expected to 
perceive the application of his ideas 
to reality — that would hold him down. 
If he can express entirely theoretical 
relationships he is content. 

The third member of the trio — the 
applied mathematician — is something of 
an engineer and something of a theo- 
retical mathematician. He is able to 
juggle theoretical mathematical rela- 
tionships, yet, at the same time, he is 
concerned with their practical applica- 
tion. While working with theoretical 
concepts he is continually alert for ways 
in which they can be practically ap- 
plied. This over-simplification (like 
most over-simplifications) is misleadng 
if taken too literally. Some of our ap- 
plied mathematicians are perfectly 
competent to produce brilliant theoreti- 
cal papers; the converse is also true. 
But such men are all too rare, and in 
this age of specialization perhaps it is 
best to speak of the departments as if 
they were indeed water-tight. 

The emphasis of this article is that 
by specializing in the application of ab- 
stract theory to specific problems the 
applied mathematician is able, often, to 
answer questions that might go unan- 
swered or might be solved only at the 
cost of long experimentation. America 
is only beginning to realize the ad- 
vantages to production inherent in this 
subject, but it becomes increasingly 
true that many types of production in 
this country could be helped in one way 
or another by the services of an ap- 
plied mathematician One illustration 
of this statement comes from the field 
of aircraft design. 

For a number of years airplane wings 
were built perpendicular to the axis of 
the fuselage. Information about air- 
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plane design was built around the 
premise that this principle was con- 
stant Now, for military reasons, it has 
become desirable to introduce a “sweep- 
back,” so that the wing tips are further 
aft than is the “root” of the wing where 
it loins the fuselage. Necessarily this 
considerably changes the wing prop- 
erties. A disproportionate amoxmt of 
the support of a wing is contributed 
by the wing tips. When an airplane is 
about to land or take off, its tail is 
lower than in flying position; at that 
time the wing tips may be “stalled,” 
and since this rarely happens simtil- 
taneously for the two wings, one tip 
is likely to droop. When this happens 
close to the ground and while the air- 
plane is still traveling at high speed, 
the craft and pilot are in considerable 
danger. The airplane designer compen- 
sates for this by twisting the wing tips 
very slightly so that the leading edges 
are lower by a hair than are the trailing 
edges of the wing tips. Thus when the 
airplane is landing or taking off, with 
its tail low, the stalling of the wing 
tips will be delayed. The disadvantage 
of this expedient is that in normal 
flight position the twisted tips become 
inefficient The mathematician’s prob- 
lem is to discover the optimum point at 
which the greatest flying efficiency is 
consistent with landing safety. 

Ten or twenty years ago this prob- 
lem would have been solved by build- 
ing a considerable number of experi- 
mental airplanes, each with a different 
twist to the wings. Perhaps a portion 
of these would be destroyed in tests and 
two or three test pilots would have been 
endangered, but the information would 


have been learned experimentally. To- 
day the applied mathematician takes 
the problem, develops it, and sends in 
his answer. The aeronautical designer 
Allows these figures in building his 
planes. Modeb are still subject to wind 
tvinnel and practical tests but the mar- 
gin of error b diminished, and speed, 
efficiency, and economy of construction 
are increased. 

Another problem in aerodynamics 
that is today engrossing the attention 
of applied mathematicians b that of 
“flutter,” the self-excited vibration of 
airplane wings in flight^. With modem 
speeds thb flutter problem has become 
much more important than it was in 
the early days of flying because ex- 
treme speeds accentuate its damaging 
effect. The result of flutter b closely 
analogous with the magician’s shatter- 
ing a pane of plate glass by sounding 
a single note on a violin. Wings under 
the stress of flutter have actually been 
known to disintegrate in flight. Since 
the premium today b on speed, thb 
problem b an imminent one for de- 
signers and hence for applied mathe- 
maticians. 

If the wing of an airplane b con- 
sidered complex, then the propeller 
of an airplane is at least equally so. In 
principle the two are identical. How- 
ever, while a wing progresses in a 
straight line, a propeller revolves in a 
fixed circle. Naturally, the speed of any 


iDr Theodore Theodorsen. National Advlao^ 
Oommlttee for Aeronautics and * member of the 
Brown University Advisory Committee, haa worked 
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will not occur within the oontemplated apeed range. 


part of a propeller bbde b directly 
proportional to its dbtance from the 
hub. 

It is an establbhed fact of aeronauti- 
cal design that wings of airplanes must 
be designed to reach maximiun per- 
formance at the speed at which they 
most frequently travel. But every point 
on a propeller blade, when the speed 
of revolution b constant, has a different 
rate of speed. Therefore it follows that 
if one were to pass planes perpendicu- 
lar to a line drawn i^om the hub of the 
propeller to the tip of one of the blades, 
each plane section must be slightly dif- 
ferent in design from ib neighbors. As 
a matter of fact, the section of the pro- 
peller blade near the hub is very simi- 
lar in miniature to the cross-section 
of the wing of a slow-speed high-lift 
airfoil, while the tip follows quite 
closely the section of a high-speed low- 
lift airfoil. In addition, the angle of 
blade setting also must vary with each 
section of a propeller blade, such that 
from the extreme at the hub of per- 
haps 45 degrees the angle approaches 
six or ten degrees at the tip. Finally, 
the airfoil structure which is most 
aerodynamically perfect, b not neces- 
sarily the most sturdy in construction. 
It b necessary, therefore, to consider 
comprombe of design to secure an 
optimum between maximum rigidity 
and maximum aerodynamical efficiency. 

A lthough thb ibelf b an extraordi- 
narily complex problem, it becomes 
even more complex when one realizes 
that each propeller blade in actual 
flight creates a sort of “interference” 
for the blade behind it, and that this 
interference b relative to the speed 
pitch, and number of blades. 

When one has mastered the mechan- 
ics of these problems, then one b ready 
to graduate to the infinitely greater 
intricacies of controllable pitch pro- 
pellers in which the angle of blade 
setting of the propeller may be varied 
in flight. To find solutions to all these 
problems by purely experimental means 
would take a lifetime. The mathemati- 
cian’s approach b difficult and complex 
enough but it has the great virtue of 
relative speed and economy. 

Applications of mathematical methods 
are by no means limited to aeronautics. 
A captured German submarine, recent- 
ly examined by a group of government 
experts, revealed that it had been built 
to withstand the shock of a depth 
bomb going off relatively close to the 
hull. Thb refinement of design indicates 
that in the problem of submarine con- 
struction the Germans have already 
consulted their applied mathematicians 
and hold an advantage over us. Our 
ship designers have appealed to applied 
mathematicians in this country for facts 
about structural elasticity and plasticity 
to enable them to build ships more re- 
sbtant to the shock of a torpedo, depth 
charge, or bomb explosion. In thb way 
the applied mathematician has played 
a part in the “Battle of the Atlantic.” 

Applied mathematics has been used 
to solve problems of production as well 
as design. About 20 years ago Dr. Wal- 
ter A. Shewhart, now a consultant for 
Bell Telephone Laboratories, developed 
a system known as “statistical quality 
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control.” This method, which is applied 
to mass-production techniques, com- 
bines the statistical approach with the 
science of engineering to effect both 
economy and imiformity of production 
in industry. 

Certain products of industry cannot 
be tested without destroying. A match 
company that insisted on testing all 
its products would not be much of a 
success. Likewise, in the manufacture 
of bomb fuses or explosive shells, tests 
must be run continually; yet, the more 
tests the less efficient Ae production. 
It becomes the job of the statistician 
to determine how often samples should 
be taken from the production line for 
testing. If too few are taken, uniformity 
may not be assured; if too many, the 
expense becomes prohibitive. 

The same method is also applied to 
the determination of tolerances. We 
know, for example, that a bolt must be 
designed within narrow limits or tol- 
erances in order to fit inside a bolt- 
hole. It is manifestly impossible for 
bolts, however precision-made, to dupli- 
cate with perfect exactness the original 
model. Yet how far away from the 
original model does the engineer dare 
to go? To decide such questions is im- 
portant from the point of view of 
operation of the finished product but it 
is also important from the point of view 
of production. In practice the engineer 
usually plays safe by ordering a tol- 
erance far smaller than is really neces- 
sary. If the company follows his tol- 
erance limits rigidly, as it is supposed 
to do, a great many pieces will be re- 
jected as faulty. On the other hand, if 
the statistician is handed the same 
problem, he will be able to compute 
what the tolerances should be to main- 
tain the maximum degree of safety in 
relation to a minimum degree of spoil- 
age. Perhaps nine tenths of the parts 
thrown away in response to rigid and 
over-close tolerances are in actuality 
perfectly acceptable and useful. 

I T IS easy to see that such a process 
makes production more efficient, 
lowers the cost of the item, and in- 
creases the speed with which it may be 
produced. Dr. Shewhart's method is 
widely used in the United States, Great 
Britain, and Russia. The United States 
government has trained hundreds of 
people in the application of the theory 
at its Aberdeen, Maryland, Proving 
Groimd and at other production centers, 
A considerable impetus has been 
given to the development of applied 
mathematics in America by the social 
unrest in Europe, beginning in 1933. 
Since that time a large number of 
European scholars have migrated to 
this country to add their enormous 
contributions in science to the domestic 
product, with the natural result that 
the combined outpouring has elevated 
our own standard Immeasurably. Mr. 
Arnold Dresden in American Mathe- 
matical Monthly (Aug.-Sept., 1942) 
lists 131 mathonadclahs'^v^ came .to 
Uiis country between 1933 and the first 
half of 1942. Generally speaking, 
America has been able to welcome and 
to place such scholars quickly, and to 
profit by a type of training which 
hitherto has been largely peculiar to 
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Europe. Nevertheless, America still has 
a long way to go. 

For a very good reason Europe is far 
ahead of us in techniques of applied 
mathematics. We have set a high value 
upon brains and a low value upon time 
and materials, while Europe’s sense of 
values reverses these commodities. 
Consequently, European technicians 
make a practice of reducing the chance 
of error before they begin to build. 
They discovered that the possibilities 
of this method were limitless in extent 
and have made it a point of honor to 
develop a sound theory before experi- 
menting with new construction designs. 

Applied mathematics had its modem 
origin when Napoleon realized the mili- 
tary value of mathematical officers. 
The scientific work of the French in 
the early 19th Century was a major 
contributing cause to their military suc- 
cesses. The Germans quickly realized 
the importance of the applied mathe- 
matical technique and, about a hun- 
dred years ago, established institutes at 
Wien and Prague, based upon the 
original institute — ^L’Ecole Polytech- 
nique — at Paris, After these two came 
a large number of other so-called 
“Technische Hochschule.” The Germans 
explored the subject of applied mathe- 
matics with customary tooroughness. 
They created a number of highly spe- 
cialized institutes in hydrodynamics, 
aerodynamics, electricity, and related 
subjects. obtain the best possible 
instructors’ for these institutes they 
maintained a high rate of pay for the 
faculties. In recent years the Kaiser 
Wilhelm Institutes at Berlin and Got- 
tingen, and the Aerodynamical Institute 
at Aachen, supported in part by the 
government and in part by private in- 


dustries, have made great progress in 
industrial mathematics. As an example 
of the proportions: At the three in- 
stitutes attached to the University of 
Gottingen^, in the year 1938, fully 2000 
persons were employed in aerodynami- 
cal research, including scores of mathe- 
maticians. 

For comparison with this figure is 
a report made late in 1940 before 
President Roosevelt and the 77th Con- 
gress^ by Dr. Thornton C. Fry, mathe- 
matical research director of the Bell 
Telephone Laboratories. Dr. Fry states 
that the number of mathematicians 
in this country employed in communi- 
cations, electrical manufactory, petrole- 
um industries, and aircraft, is esti- 
mated at about 100. He estimates that 
another 50 are engaged in other mathe- 
matical problems relative to produc- 
tion. In addition, the government em- 
ploys about as many mathematicians 
as does private industry. 

Considering the enormous industrial 
productivity of the United States it is 
truly striking that this number is so 
small. It is likewise extraordinary that 
the valuable contributions of this small 
group are so disproportionate to its 
size. According to Dr. Fry: “The group 
(of applied mathematicians employed 
at Bell Telephone) has functioned suc- 
cessfully for a number of years. . . . 
Information regarding their activities 
reaches management almost entirely 
(Continued on. page 235) 


2LarsMt of the three Is the Aerodynamic Experl'* 
mental Station with about two thousand teohnl- 
olans The other two are the Kaiser Wilhelm 
Institute for Flow Research with about 80 and the 
institute for Applied Mechanics with about 18 
8The Committee on Survey of Research in Indus- 
try. appointed <by the National Research Council. 
suomlttM t report to the National Reeourcee 
Planning Board and to President Roosevelt. Dr. 
Fit’s contribution is House Documeuts Seotion 8. 
Part 4. pacee 
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aECTBONICS 

Conducted by KEITH HENNEY 

W HEN IT comes to speed, the human viously printed matter; it may involve 
eye is a piker compared to a pho- cutting the paper between repetitive 
totube. Just watching the evening paper printed designs; it may involve per- 
rolling out of a modem newspaper forating the paper with rows of holes 
printing press will prove that; our eyes between designs; it may involve fold- 
can’t read a single line on pages mov- ing at a particular point in a printed 
ing past at such high speed, and even design, or any other operation that must 
have difficulty in distinguishing one be performed with accuracy at a cer- 
page from the next. The modern photo- tain point in each repeated section of 
tube, on the other hand, can read those the web. 

Snper-Sight With Phototabes 

Priolod DMigBS Hoviag Tbragh a PapM-Handliag Nackiae al High Speeds 
Are lavisible to the Eye, hoi the Pheiolnhe in a Modern Control System 
"Sees" these Designs and Makes Each Arrive at a Particular Point at a Par- 
ticular Instant. Other Indnstrial Uses 

By JOHN MARKUS 

Ediiorl»l Staff, Electronica 


humidity can cause just as serious er- 
rors even in a perfect machine. 

To utilize the many advantages of a 
unit design for wrapping a product, 
together with the economy of printing 
from a continuous web of paper rather 
than individual pre-cut sheets, some 
sort of register control is absolutely es- 
sential. The form taken by this control 
depends upon the speed of operation 
and the accuracy to which the reg- 
ister must be held. 

Starting from zero speed and no ac- 
curacy, we soon get beyond the useful- 
ness of the human eye as a register- 
controlling means. Holes punched in the 
paper at correct positions to pass be- 
tween contact fingers of an electric cir- 
cuit permit greater speeds, but holes, 
too, have their drawbacks. This brings 
into serious consideration the modem 
photoelectric device for controlling reg- 
ister without even touching the moving 
sheet. 

To furnish an understanding of this 
operation, one application will be fol- 
lowed through, with the brief explana- 
tion that the principles will apply with 
only minor modifications to many other 
possible applications. A good example 
is the cutoff control, as required in 


moving lines of print right down to a 
hundredth of an inch even if they are 
moving past at nearly a thousand feet 
a minute, and can issue electrical com- 
mands which make each line or mark 
arrive at a particular spot in the ma- 
chine with that same accuracy of 1/100 
of an inch. 

When it comes to reliability, also, the 
phototube wins out. Consider, for ex- 
ample, a man who is watching an ordi- 
nary automatic candy-wrapping ma- 
chine to make sure that each piece 
of wrapping cut from the roll 
is cut between printed designs, 

Watch his eyes while a come- ^ 
ly, sweater-bedecked blonde f ' < 
walks down the aisle past his ^ 
machine. A hundred chocolate 
bars could be wrapped with 
half the design cut away during 
this distraction. No woman on 
earth, however, can make a 
phototube turn its eye. 

When dealing with color, your eyes 
now and then can put up a better all- 
around showing. When, however, a 
phototube is designed especially for a 
particular color or a particular job, it 
will respond even to those yellows or 
purples that might fool some other pho- 
totube. As a matter of fact, there are 
photoelectric units which can distin- 
guish and identify as many as 2000 
different colors with an accuracy that 
can be matched only by a very few 
of the country’s best color experts. 

One of the important industrial uses 
for these qualities of the phototube is 
implied in the foregoing description of 
characteristics — the control of high- 
speed motion, known technically as 
photoelectric register control. It applies 
to all machines handling a continuous 
web or strip of paper, cellophane, or 
other material, and performing some 
operation on that paper. 

This operation may involve printing 
on the paper in correct relation to pre- 


Machines can readily move paper at 
high speed and simultaneously per- 
form any or all of the above opera- 
tions, but minor errors of all kinds 
multiply rapidly at such speeds. The 
slightest error in the relation between 
the spacing of the printing and the dis- 
tance traveled by the feed roll per revo- 
lution of the cutting, perforating, or 
folding device can quickly cause trouble 
even though the fnachine is started up 
in exact synchronism. Shrinkage of 
paper with changes in temperature or 
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packaging machines to cut one com- 
plete design unit from a roll of printed 
paper and pass it to the ingenious 
mechanical mechanisms that wrap and 
seal this paper around such things as 
candy bars, sticks of gum, and so on. 

In the simplest form of photoelectric 
register control, a small register mark 
is printed in the margin of the sheet at 
each point where a cut is to be made. 
A light beam and phototube are ar- 
ranged side by side so that the beam 
is reflected into the phototube from the 
moving paper. Since the marks are 
darker than the rest of the paper, 
less light is reflected whenever a 
mark intercepts the path of the 
light beam. This reduces the 
amount of light falling on the 

r’ phototube, thereby changing its 

electrical characteristics. (Tech- 
nically, reducing the light in- 
creases the electrical resistance 
of the phototube because it re- 
duces the number of electrons 
emitted by the light-sensitive 
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In this American Chicl# Dantyn^-gum packaging machine, unit i teeas strips of 
gum to unit 2. which cuts individual sticks. Unit 3 wraps each stick in a printed 
paper wrapper under supervision of phototube register control. Unit 4 wraps six 
sticks at a time in tinfoil with easy-opening tape, and unit 5 puts on the final 
printed wropper. also with register control. Inset shows sample wrapping strip for 
individual sticks, with dark register marks, which actuate the photocells, at edges 


cathode of the tube.) Amplifiers re* 
spond to this change and actuate a mag- 
netic brake that stops the paper right 
at that mark so it can be cut off. The 
brake then releases, the paper moves 
till the next mark is seen by the photo- 
tube, and the process repeats. 

S IMPLE stop-and-start control is all 
right for many applications, but not 
for high speeds. To get increased output, 
the paper must be fed continuously 
and cut by a rotary knife. On the knife 
shaft is placed a rotary selector switch 
with two sets of contacts. One set stays 
closed during part of a revolution and 
opens just before the knife makes its 
cut, while the other set closes just after 
the cut is made and stays closed dur- 
ing part of the revolution. The photo- 
tube watches the register mark go by, 
just as before, but now its impulse does 
not stop the paper. Instead, the impulse 
due to a register mark is fed through 
one or the other of these rotary switch 
contacts to mechanisms that cause the 
knife to cut a little earlier or a little 
later than normal, as called for by the 
phototube. If the register mark comes 
by right at the correct instant, both 
sets of contacts are open and so noth- 
ing happens except that the paper is 
cut at the correct point. 

To eliminate the necessity for the pho- 
to tube to continue “looking*' at a reg- 
ister mark while the mark is being cut, 
the so-called scanning head containing 
the phototube and light source is placed 
a full wrapper length ahead of the knife, 
where it watches one spot ahead of that 
which is being cut. 

The knife and spot are brought into 
register without stopping the machine, 
by means of other electronic devices. 
Inside the control cabinet are two thy- 
ratron tubes like those used in push- 
button electronic motor control equip- 
ment — electronic tubes that trigger-off 
on an electrical impulse like that pro- 
duced by the scanning head. One thy- 
ratron is connected through the too- 
early contacts on the rotary knife, and 



Photocell scomilng hood toetoUed to 
control oppUcotion ol o pj^ted 
wrapper to individual poper rolls 


the other thyratron is connected 
through the too -late contacts. One thy- 
ratron causes an auxiliary correcting 
motor to move forward, and the other 
thyratron makes the motor turn back- 
ward, as required to produce the re- 
quired correction. A simple timing ar- 
rangement stops the motor, allowing 
only a given amount of correction, and 
resets the entire apparatus so that it is 
ready for more correction at the next 
register spot, if necessary. 



The scanning head "watches'* regis- 
ter marks on the margin ol a sheet 
ol printing poper going through a 
high-speed multicolor grovure press 

The correction can be made in a va- 
riety of different mechanical ways, de- 
pending upon the machine and the 
ideas of its manufacturer, but these 
fall into essentially two basic types— 
the compensating roll and the differen- 
tial. 

The compensating roll comes from 
rotary press practice. After passing 
through the draw-rolls (which pull the 
paper from its roll) , the paper is looped 
over the compensating roll, then run 
down through direction -changing take- 
up rolls to the rotary knife. Ihe thyra- 
trqm here operate a reversible motor 


that moves the compensating roll either 
up or down, to shorten or lengthen the 
loop of paper going over the compen- 
sating roll and thus make the neces- 
sary correction of position at the knife. 

The differential drive is similar to the 
differential of an automobile, which 
permits the inner rear wheel to turn 
slower than the outer rear wheel when 
going around a curve. The differential 
is placed in the drive between the ro- 
tary knife and the draw-rolls. At one 
end of the differential shaft is a draw- 
roll, and at the other is a gear that can 
be turned in either direction by a worm 
gear on the shaft of the reversible aux- 
iliary motor. When register is correct, 
this motor stands still, and the draw- 
rolls turn at the same speed as the ro- 
tary knife. If the phototube calls for a 
change in position, the auxiliary motor 
provides just the amount of the change, 
with the main drive motor doing all the 
work all the time. 

The simplest differential systems are 
arranged to provide a definite change in 
the relation of draw-roll to knife for 
each impulse reaching a thyratron, such 
as 1/32 inch either forward or back as 
required. In higher-speed systems, 
however, the main drive motor is 
geared to drive the draw-rolls 1 to 2 
percent fast through the differential 
when the control motor is stopped. 
Now, when the control motor runs at 
half speed, the knife and draw-rolls run 
at the same speed. When the control 
motor runs at full speed, the draw-rolls 
run 1 or 2 percent slow. Power for the 
control motor is obtained from a small 
generator driven by the main motor, so 
that this percentage ratio holds true for 
a wide range of speeds of the entire 
machine. Also, field-control means are 
provided on the generator to counteract 
the cause of loss of register automati- 
cally. In this deluxe arrangement, reg- 
ister may be held so exactly that a hun- 
dred cuts or more may be made before 
any correction is required. 

Now for a few everyday uses of auto- 
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matic photoelectric registry control: 

In Washington, the government has a 
rotary perforating machine that punches 
3000 rows of holes a minute in sheets 
of stamps ydth an accuracy of 1/64 inch, 
guided by register marl^ printed in 
sheet margins to actuate a scanning 
head. Look for these marks the next 
time you get stamps with part of the 
sheet margin attached. 

At a printing plant in New York 
City, four*color printing on a gravure 
press is registered so accurately by the 
phototube equipment that four different 
colors of dots can be struck with an ac- 
curacy of better than four or five 
thousandths of an inch, as reqt^ed 
for high-quality color printing. 

When dealing with cellophane, such 
as is often used for wrapping candy 
bars, the light beam is sometimes sent 
right through the material, with the 
light and phototube on opposite sides. 
Here again, registry spots reduce the 
amoimt of light reaching the phototube, 
so the principle of operation is the same 
as for reflected scanning. 

Fitting the right photoelectric reg- 
ister control to a particular application 
is a job for a good electronic engineer. 
The many successful applications al- 
ready made foretell an important role 
for this intriguing branch of electronics 
in the years to come, making better 
products at lower prices through elec- 
tronic control 


# ^ 9 

P16T0ELECTilC fiVMB 
Frtitels Flagtrs tl 
Slfklltss Staatirtssn 

To PROTECT the fingers of sightless 
workers operating electric sewing 
machines, a photoelectric safety system 
has been developed by J. O. lUeber 
of the American Foundation for the 
Blind. The control system brings the 
machine to a complete and sudden stop 
whenever the fingers of the operator 
come dangerously close to the needle. 

From the left side of the machine a 
beam of light is projected into the 
chromi\un-plated “shoe” of the sewing 
machine by a light source consisting 
of an automobile stoplight bulb and a 
lens in a tubular housing. The reflected 
beam is picked up by a standard pho- 
totube in a housing at the right of the 
shoe. The beam is thus about half an 
inch ahead of the needle, in a region 
through which the fingers of an op- 
erator might normally approach the 
needle. 

All connections to the amplifier hous- 
ing are made through four plugs, mak- 
ing it possible to install a new amplifier 
unit in a few minutes if trouble de- 
velops. This is a highly desirable fea- 
ture when workers are paid on a piece- 
work basis. 

The sewing machine is a standard 
commercial model, in which the motor 
runs continuously. Pressure on a foot 
treadle connects^ the motor to the 
machine through a clutch and simul- 
taneously r^m^ites a brake. Releasing 
pressure on tlfe foot treadle, or equiva- 



Ing mockine sole lor the sightless 

lent 'breaking” of the rod which links 
the treadle to the clutch, will therefore 
disconnect the motor and apply brakes 
to the machine. 

The relay in the plate circuit of the 
amplifier tube controls a solenoid 
which, when energized, “breaks” the 
clutch rod and thus stops the machine. 
As soon as the obstruction is removed 
from the light beam, the clutch rod 
can be restored by momentarily remov- 
ing foot pressure from the treadle. 

nrronaTioi 

lallcsisd by Fhelsslsslrls 
Aaalytls el Ireath 

An electronic method of diagnosing 
moderate intoxication at the time of an 
accident or arrest has been developed 
at Yale University. The apparatus is 
fully portable, requires only a sample 
of air, and gives a result in terms of 
alcohol concentration in a few minutes. 

The essential features are shown in 
the diagram. An exactly measured 
sample of the suspect’s breath is col- 
lected in a glass tube that is electrically 
heated to prevent condensation of mois- 
ture which might contain alcohol. The 
exhaled breath automatically passes 
through a tube of iodine pentoxide 
which oxidizes the alcohol and liberates 
iodine in proportion to the amount of 
alcohol oxidized. The iodine is carried 
in a stream of warm air to a glass tube 
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containing a solution of starch. This 
starch turns blue in proportion to the 
amount of iodine present, and a photo- 
electric cell indicates the intensity of 
the blue color on a meter in terms of 
percentage of alcohol in the blood. 

The various operations are timed and 
kept in proper sequence by a synchron- 
ous motor, hence the test is automatic 
once the motor is started. To use, the 
operator presses the starting button. 
When a green light appears, the sus- 
pect blows his breath into a mouth- 
piece. The operator then inserts a small 
glass tube of solution into a holder and 
waits five minutes for the meter read- 
ing. 

If anything goes wrong, the apparatus 
fails completely— an essential require- 
ment if the test is to have legal status. 
It cannot give an erroneous reading. 
The tube of final solution can be taken 
into court as evidence, and can be 
reinserted In the apparatus at any time 
to verify the concentration of alcohol. 

NUm CEUS 
Csatrsiltd Barfaif Baliasbif 
By Eltsirsale Nsaas 

Automatic control of the accelerating 
rate in bringing 17-foot diameter marine 
propulsion gears up to full speed of 
200 revolutions per minute for dynamic 
balancing is now obtainable by means of 
electronics. The 50-ton gear to be tested 
is supported by bearings which permit 
the gear to vibrate freely in a horizontal 
direction. Pick-up coils convert this 
movement into electrical impulses which 
energize a wattmeter in a dynamic bal- 
ancing circuit that indicates where cor- 
rection of unbalance is required. 

Electronic control equipment was 
chosen because both squirrel-cage and 
wound-rotor induction motors heated 
excessively during the required long 
acceleration time of 10 minutes. 

EXPLOBDIS BURPBWBEB 
Nakts Bsetri tf Valltnilly 
Oa Calhe4§-Bay Tabs 

Electronic testing of gunpowder to in- 
sure uniformity in production runs, 
and thereby to eliminate errors in fire- 
control calculations due to variations 
in propelling charges, is one of many 
new wartime applications for the ca- 
thode-ray oscillograph. 

A powder sample is e3q3loded in a 
strong sealed container, and the volt- 
ages derived from pressure elements 
afiected by the explosion are applied 
to the cathode-ray tube of a Dumont 
type 235 oscillograph. This causes the 
electron beam to trace on the fluorescent 
screen a path that constitutes a graph 
of pressure variations. This oscillogram 
is photographically recorded and later 
analyzed. 

The entire process is automatic once 
the closed container or bomb has been 
charged and the circuit voltages ad- 
justed. Pressing a plunger then auto- 
matically opens the camera shutter, 
turns on the cathode-ray beam, fires 
the charge, fUrns off the electron beam, 
and closes the camera shutter. 
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m OTHEB nDLM 

Conducted by The Staff 

G etting the goods to the fighting front 
and to our allies is one of the war^s 
most challenging tasks. It involves not 
only the problems of transport over 
crowded rail lines and through sub- 
marine infested waters; it requires 
also the strongest, toughest, most 
weather-proof packages ever produced, 
and these in tremendous quantities. 
Supplying these, despite shortages of 


steel, tin, and rubber, has brought 
about something of a revolution in one 
of man*s oldest industries. And to a cer- 
tain extent it has meant a return to first 
principles, a shift from eye-appeal to 
solid utility. 

Roots of the packaging industry go 
far back into prehistory. Crude clay 
pots came soon after the stone hand- 
axes of the Old Stone Age. Those of 
the Middle Stone Age even had painted 
and engraved decorations, a primitive 
concession to eye-appeal, perhaps, but 
not one which subordinated the main 
function of a container, the protection 
of its contents — ^wild grain, fruits, nuts, 
perhaps dried meat. 

Some authorities believe that basket- 
making antedated pottery, that it may 
have been the earliest human industry. 
Because of their perishable nature, 
however, no baskets from the Stone Age 
have been found. The earliest ones 
that can be approximately dated are 
the large round grain baskets of Egypt, 
from 4000 to 5000 b.c. 

Even the impregnated fiber materials 
of today’s water-proof containers had 
their ancient prototypes, including one 
of the most famous baskets in history. 
For it will be recalled that when the 
mother of Moses could no longer hide 
the infant “she took for him an ark 
of bulrushes and daubed it with slime 
and with pitch and put the child there- 
in.” And the basket floated along the 
edge of the Nile. 

But today’s packages must withstand 
much more than the slow-flowing wa- 
ters of Eg^ypt’s ancient river. Food, 
machinery parts, gims, bombs, ammuni- 
tion, clothing must be packed in boxes 
than can be unloaded at Pacific Island 
destinations which boast no wharves, 
docks, or warehouses. Many of them are 
simply dumped into the ocean and 
landed by the tides or hauled up on the 
beach by soldiers and natives. Some- 


times they must stand in the sun, buf- 
feted by the waves, until men busy with 
fighting can take time off for stevedor- 
ing. 

The heat and. humidity of the tropics 
(which may be even more penetrating 
than the ocean water), mildew, insects, 
and vermin — these are other enemies 
which America’s packaging industry is 
called upon to battle. And at the other 


end of the climatic scale is the North 
Atlantic, and the routes over the Scan- 
dinavian shoulder to Russia’s Arctic 
gateway. 

A general idea of the conditions these 
wartime packages must meet can be 
obtained from two sentences taken from 
an Army officer’s description of an ideal 
package: 

“The case should withstand a tem- 
perature of 100 degrees, Fahrenheit, and 
95 percent relative humidity for at least 
20 days without appreciable effect on 
the packaging or contents. The case and 
contents should* withstand dropping 
twice on each flat surface (it had previ- 
ously been dropped to a concrete floor 
once on each of two diagonally op- 
posite comers, once each on all six 
edges and twice on each face) after 
being stored at 0 degrees, Fahrenheit, 
for 48 hours without the packages being 
appreciably damaged.” 

This, then, was the problem tossed 


in the lap of the nation’s $4>0(K),000,000 
packaging industry which had pro- 
gressed from the pottery and basket age 
up through the cracker-barrel and 
sugar-sack era to the sophisticated 
modem period of cellophane, multi- 
color printing, and transparent plastics. 

One of the first principles of 20th 
Century packaging has been attractive- 
ness. The container was designed to in- 
duce people to buy. The accent was on 
merchandising, with protection of the 
contents more or less taken for granted. 

If the package held up under normal 
conditions, it was considered satisfac- 
tory. But the war put all emphasis on 
protection and subordinated beauty and 
salesmanship, particularly in military 
and Lend-Lease goods and to a some- 
what lesser extent on products for 
civilian sale. 

Steel was reduced in military pack- 
aging and, except for very special pur- 
poses, was out of the civilian picture. 
So was tin. Rubber could be had only 
in limited quantities. Plastics were 
needed for more specialized war uses. 
’This left glass and wood as the main 
raw materials for the nation’s con- 
tainers. And wood has performed yeo- 
man service, indeed, not only in the 
form of boxes, crates, and barrels, but 
in the many products made from wood 
pulp including cellophane, paper, and 
fiber-board. 

Cellophane, which at the time of 
World War I was a luxury item re- 
served for such glamor roles as wrap- 
ping expensive perfume bottles and 
candy boxes, had in the intervening 
quarter century become widely used to 
protect food from moisture loss or mois- 
ture penetration as well as from dust 
and germs. But in most cases it was 
still the package you could see through 
and for that reason its great popularity 
rested to a large extent on eye-appeal 
as well as on protection 

Today cellophane has put aside 
glamor to perform important war tasks 
in which its utility is the first consid- 
eration. Very often it is laminated to an 
opaque material— kraft paper or fiber- 
board — and its transparent properties 
are entirely lost sight of. It is the 
moisture-proof and grease-proof layer 
of the package, and the other materials 



Wooden and ^or-boord bexos* emd inulti*wallod paper bags* In New Caledonia 


Pockoging Delivers the Goods 

PrtlKlira Aftiast Haal, C»M, ud luddily, Nildaw, laneli, ud Tamil 
b Daauadad for lha Safo Dalivarr ai SappUaa to Ow Traapa all tvar Iha 
Warld. Davalapnaals to Maat Ikaia Bigid Baqairaaiaalt, Mada bp Ika 
Packaging ladnsirp Will Carry Ovar iaia Past-War Days 

By STEVEN M. SPENCER 
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are used to supply body and strength. 
Thompson sub-machine guns, Garand 
rifles, Browning automatics, are being 
wrapped in a laminated material, in- 
cluding cellophane and paper or scrim, 
impregnated with highly moisture-proof 
waxes. The wrap is heat-sealed at the 
edges and the guns are placed in 
wooden boxes. Only a very light coat 
of oil is needed, beneath this nist-proof 
wrapper, instead of the thick coating 
of grease formerly used. The new style 
of gun wrap thus obviates hours of 
tedious de-greasing, and the weapon is 
ready for immediate use at the front. 

Replacement parts for aircraft, tanks, 
trucks, and ordnance — all of which 
must be protected against rust-produc- 



ing moisture on the high seas and in 
the humid tropics — are even more pain- 
stakingly packaged. One widely used 
method is to wrap the part in one of 
the laminated cellophane materials just 
described, then dip it in a special wax, 
place the wrapped and dipped article 
in a strong fiber-board container, 
wrap the container with the laminated 
material, dip the wrapped container, 
and finally place this in a second fiber- 
board container, which is then sealed 
with cellulose tape. Pistons and con- 
necting rods are among the many ar- 
ticles given this multiple protection 
against rust ond corrosion. Replacement 
parts for high-speed motors must fit 
with extremely close tolerances, and 
the damage which could be done by a 
spot of rust makes all too plain the need 
for such super-care in packaging. 

Many parts are placed in transpar- 
ent cellophane bags, some carrying the 
name and number printed on the front, 
for easy identification during assembly 
in the factory. 

To safeguard whole airplane motors 
from damage by moisture they are 
wrapped in transparent rubber film, 
with bags of silica gel tucked about in- 
side to soak up any moistxxre that may 
be present during packaging. Chemical 
moisture indicators are also placed 
within the bag to reveal at a glance 
when the moisture content has be- 
come too high. 

In the food field the packaging revo- 
lution perhaps reached its height; the 
restrictions on tin, steel, and rubber 
have necessitated sweeping changes. 
Paper, fiber-board, and cellophane have 
been brought prominently Into the pic- 
ture. In the packaging of Army emer- 
gency rations, cellophane is being wide- 
ly employed for sealing in the moisture 
content of some components, such as 
the fruit bar an^ cigarettes, and keep- 


ing excess moisture out of others, such 
as the biscuits, D-bar (enriched choco- 
late), powdered bouillon, and lemon 
juice. Several of these items then go 
into what is tempMsdthe K-bag, a double 
thickness materiarhrequently consisting 
of two layers of cellophane laminated 
together. All of the components are 
packed in two cardboard boxes, one in- 



Left: Qulck'lrosen beans packed In 
a cellophone-Uned liber *'can.*' 
Above: Heot-seoled cellophane pro> 
tects chocolate bar and Inilt bar. 
porta of Army 'X' rollons. Right: 
Precision ports and dehydroted cor- 
rot-iuice cocktail In printed. Irons- 
porent envelopes. Below: Dressings 
and medicines packed In moisture- 
proof. sealed wrappings. All pho- 
togrophs courtesy Du Pont Company 



side the other, and the whole package 
is then wax-dipped, to give extra mois- 
ture protection. 

Lend-Lease and Army export ship- 
ments of dehydrated food are usually 
packed in fiber-board boxes, and are 
often given extra protection against 
moisture through the use of a wrapping 
material made of cellophane, lead foil, 
and asphalt- impregnated kraft paper, 
laminated together. Vegetable shorten- 
ing is being carried aboard Navy ves- 
sels in grease-proof cellophane bags in- 
side fiber-board boxes. 

A new step which has created much 
interest in the food field, and which is 
being tested by Lend-Lease and Army 
authorities, is compression or de-bulk- 
Ing of food. The method, which squeezes 
out space-consuming air, not only saves 
30 to 75 percent in precious cargo space 
but greatly simplifies the packaging 
problem. Metal is not needed, and 
smaller amounts of other materials are 
required because^df the greatly reduced 
surface area. The little cakes and bricks 
of "nutritional animunition” can be 
easily and rapidly packaged in standard 
cellophane wrapping machines, which 
heat-seal the film. Individual units are 
then boxed in fiber-board containers. 
Potatoes, ground ^meat, dried eggs, 
whole cranberries, diced or sliced car- 
rots, beets, onions, and a variety of 
other foods have been prepared in this 
manner. A package the size of a small 
shoe box will hold enough meat for 
servings for 100 men. The food is quick- 
ly reconstituted or "freshened” in hot 


water and is soon ready for use. 

Throughout the war packaging pic- 
ture the fiber-board cartons, some cor- 
rugated, others solid, are doing an ex- 
cellent job. In has been estimated that 
approximately 7,800,000 tons of paper- 
board will be used this year in the 
manufacture of these versatile shipping 
cases, cartons, and other types of fiber 
containers. One of the interesting de- 
velopments in this field is a paper- 
board containing an inner layer of 
jute impregnated with urea-formalde- 
hyde resin, which makes a very water- 
proof carton that has withstood long 
immersion tests. The Marine Corps ex- 
hibit at the recent Packaging Exposi- 
tion in New York showed how a carton 



made of this new material and contain- 
ing some light material, such as cloth- 
ing, could serve as an emergency life- 
buoy in case of shipwreck, supporting 
one or two men in the water. 

When the tin can and, later, ordinary 
black-plate metal were ruled out of the 
packaging picture, paper-board "cans” 
came in for packaging many consumer 
foods, from baking powder to shorten- 
ing, syrups, and toothpowder. The 
paper-board is in some cases laminated 
to cellophane or glassine, or is coated 
with a water-proofing material such 
as wax. A sealed cellophane bag inside 
a paper- board box is a popular food 
packaging combination. 

Glass is another replacement material 
that has found extensive wartime use. 
Most of the household-size paint items 
have had to shift from metal to glass 
jars. Coffee, fruits, and many other 
food products have also gone into jars. 
No sooner had the food industry ex- 
panded its use of jars than it found 
itself faced with a shortage of metal 
for tops, and of rubber for sealing 
rings. This has meant more shifts, and 
today some of the coffee jars are capped 
with stiff paper-board tops, impreg- 
nated with wax and sometimes given 
an outside seal with cellulose bands. 
Special gasket compounds for sealing 
had to be worked out. Jars of shorten- 
ing are in some cases sealed with a 
cellophane drumhead to prevent oil 
absorption by the paper-board lid which 
fits over it. 

In the bulk packaging field the short- 
age of steel for drums forced many 
products into wooden barrels, which al- 
so became short because of the difficulty 
of obtaining staves, and then into fiber 
drums. The demand for these far ex- 
ceeded the supply. While the industry 
made onl/ 3% to 4 million fiber drums 
in 1941, it had stepped up its output by 
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early this year to a 12,000,000 per an- 
num rate. There is an anticipated de- 
mand by paint, petroleum, chemical, 
and food industries, however, for some 
30,000,000 fiber drums this year. 

Cotton has replaced burlap, which 
comes mainly from the Far East, in 
much of the bulk packaging. Combina- 
tions of cotton fabric with watei - 
proofed crinkled kraft paper linings 
have been widely used. Finally, multi- 
walled bags, all of paper, some treated 
with water-proofing materials, have 
found important use. 

The American packaging industry 
has indeed been hard pressed by the 
greatly increased need for its products 
and the drastically reduced supply of 
raw materials required to make them. 
But with typically American ingenuity 
and resourcefulness it has drawn upon 
home-grown ingredients to fashion 
stronger, better packages in which to 
deliver the goods around the world. 

There is no question, packaging 
authorities believe, that the new em- 
phasis on protection of the contents 
will carry over to peacetime economy, 
with resulting conservation of shipped 
goods and greater satisfaction on the 
part of the consignee and the ultimate 
consumer. Development of new and sat- 
isfactory packages of paper-board, cel- 
lophane, and other organic materials is 
also expected to have wide post-war in- 
fluence, saving metals for other uses 
and saving shipping weight as well. 



British Offlciftl Photo 


Women in on English Ordnance De- 
pot removing American-made revol- 
vers irom poper and fiber-board 
protective tronsportation pockages 

Designing the container to catch the 
consumer’s eye and persuade him of the 
aesirability of the contents, is a pack- 
aging principle that will prevail in the 
post-war period, but the war-time les- 
sons of protection will not be forgotten. 
The post-war package will not only 
proclaim the worth of the product; it 
will insure it in many war-tested physi- 
cal ways. 


® 9 

PLANT BOBNOinCS 
Bow Usod ia Distiaf 
Powdor for Stods 

Continued research on the use of plant 
hormones (growth-promoting sub- 
stances), first reported in these pages 
in the issue dated November, 1941, 
has revealed that these substances can 
be stabilized in seed-dusting powders 
as well as in the fertilizer form previ- 
ously described. 

While hormones in the fertilizer 
(Hormo-Fert) are of greater benefit to 
growing plants than hormone seed 
treatment, experience has indicated the 
value of Hormo-Fert Dust for seed and 
root treatment of seedlings. 

The joint use of hormones in the 
foundation fertilizer and in dust on the 
seed gives the plant a more complete 
and closer coverage of hormones with 



Lett to righti Fertiliser without honnoaes; Hormo-Fert; Hormo-Fert and seed dusted 
with Hormo-Fert dust (dry); Hortno-Fert omd seed dusted wet. All ore som e oget 


consequent better growth stimulation. 
One method supplements and reinforces 
the other. These two methods were 
jointly used during the past season on 
nearly 300 acres of barley, wheat, rye, 
and oats with markedly better results 
than by using one method alone. 

Hormo-Fert Dust is a fibrous organic 
powder with the properties of a fertil- 
izer plus extra growth substances, or 
hormones, evenly distributed through- 
out its mass. When dusted on seed or 
roots of seedlings, it promotes a quicker 
growth and better root system. Rougher 
seed, like barley, or oats, may be dusted 
successfully with dry dust. On smooth 
seed, such as corn and soybeans, the 
seed should first be slightly wet and 
then rolled in this mixture so as to 
secure a more complete coverage. 

Seed dusted with the dust grows 
stronger roots than untreated seed. The 
treated seed grows faster and, it is re- 


ported, the plants will better withstand 
severe climatic differences — drought 
and heavy rainfalls. Not only are 
stronger roots and plants developed 
but there is a greater and earlier yield 
of bloom, seed, and fruit . — Lionel Weil. 


SIMULATED SUBLISBT 
Bsw Gtaeralor Usf4 for 


Tsstiaf PvrpsMt 

Development of a “simulated sunshine 
generator,” which for the first time 
closely approximates standard summer 
sunlight through a combination of 15 
lamps of various spectral energy emis- 
sions, is announced by the Hanovia 
Chemical and Manufacturing Company. 
One of the first units produced is being 
used successfully by the Folmer Gra- 
flex Corporation to test the light-tight- 
ness of photographic apparatus being 
manufactured for the armed forces. 

Other applications for this light source 
are accelerated fading, aging, and 
weathering tests, such as are conducted 
in many industries, for dye stuffs, 
paints and varnishes, roofing materials, 
textiles and rubber, or wherever ma- 



terials are involved that should be 
tested to determine the influence of 
sunshine. 

The 15 lamps in the unit are a com- 
bination of four S-4, ten H-5, and one 
1000-watt tungsten incandescent lamps. 
They are mounted on a chromium re- 
flector so that the radiation covers an 
area of 1256 square inches. 


AIB-COBDITIOBED SUBS 
Bow Posiibli With Bow 
Flvoriao Bofrlgoroat 

Am-CONDITIONING of submarines is now 
possible through the use of a non-toxic, 
non-explosive fluid, called “Freon-12” 
fluorine refrigerant, which is non- 
poisonous, has no odor, and will not 
support flame. It does not explode 
should it come in contact with a sub 
galley’s electric stoves, nor does it in- 
terfere with the chemicals which purify 
the air. 

Air-conditioning equipment employ- 
ing this refrigerant assures submarines 
fresh, cool ^ after long submersion. 
The men aboard the underseas vessels 
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80 equipped can even amoka. This was 
an impossibility in other days when 
the precious air supply was carefully 
guarded against fouling. 

When a submarine surfaces in the 
South Pacific on a hot day, this mod- 
em equipment keeps the interior cool 
and comfortable. Furthermore, the 
machinery is of the reverse-cycle type, 
so that it can be *'run backwards” to 
warm the air when the vessel is oper- 
ating in cold weather. 

‘Treon-12” is one of a series of re- 
frigerants made from the basic raw ma- 
terials of carbon, chlorine, water, and 
the mineral fluorspar. 

TKST STUD 
fsnalls Cksckiaf Nstsr 
fOrallfa Is Clsst Liadis 

A SIMPLE device for testing the vibra- 
tion of an electric motor to standards 
of balance agreed upon by the National 
Electrical Manufacturers Association 



VIbratiea Isolator 


has been devised by the Reliance Elec- 
tric and Engineering Co. 

Although NEMA recognizes only com- 
mercial balance, many manufacturers 
set three classes of allowable vibration 
for a motor, which are termed commer- 
cial balance, dynamic balance, and pre- 
cision balance. For the proper measure- 
ment of vibration within the limits de- 
fined for each class, it is recognized 
that the motor must be isolated from 
surrounding conditions by means of an 
elastic mounting; otherwise vibrations 
from the building, surrounding machin- 
ery, or the test rack itself would be 
“reflected” in the readings taken. 

Thi, elastic mounting devised by Re- 
liance engineers utilizes four rubber 
columns depending from the triangu- 
lar cap plates of angle-iron comer posts 
rising from a base plate like the four 
legs of an upside-down table. The test 
plate or mounting is attached to the 
other end of the rubber columns. The 
columns are secured to their supports 
and to the plate itself by means of nuts 
which fit onto threaded inserts bonded 
into the rubber. 


Since rubber oolunuis of different 
thickness are required in order to give 
the proper degree of isolation to motors 
of (Afferent weight, three test sets are 
provided to accomqdate motors ranging 
from 1 horsepower to 200 horsepower. 

Every motor produced at Reliance is 
given a regular commercial check which 
permits, for example, an amplitude of 
vibration of .001 of an inch in a 1 
horsepower motor. It is noteworthy that 
this minimum standard was a max- 
imum degree of balance only five years 
ago. 

Purchasers often call for dynamic 
balance specifications, which would per- 
mit an amplitude of vibration amount- 
ing to only .0005 of an inch in a 1 
horsepower motor. Precision balance, 
the final classification, would allow only 
.0002 of an inch vibration in the same 
motor. 

With the motor running under power 
on the test plate, as shown in the illus- 
tration, a pick-up or probe is used to 
take readings from the frame, bear- 
ings, and mount The dial of the Tel- 
evise Vibrometer ^own in the picture 
will indicate amplitudes of vibration of 
less than .0001 of an inch. 

OPTICAL SHTEN 
Qaiekly Ssi Dp Wiik 
Adaptable Nagmsts 

Settinq up and adjusting a standard 
optical system, with its maze of metal 
clamps and rods, has been considerably 
simplified by the use of the alloy al- 
nico, made into magnets and inserted 
into the base of the standards. Whereas 
it often required sevefal minutes to ad- 
just the various lenses or light sources, 
it now is but a matter of seconds to 
move about the magnetic standards to 
the desired locations. Similar systems 
are applicable in other laboratory and 
research department work. 

This new method was devised by Nor- 
man F. Barnes of General Electric’s 
laboratory in Schenectady. All that is 
required is a metal top to the table on 
which the system is placed, and metal 
walls, if a vertical set-up is desired. 

“Getting the proper dimensional ad- 
justments with the old type optical 
system was often a tedious job,” ac- 
cording to Mr. Barnes. “The slightest 
movement would throw the entire sys-^ 
tern out of adjustment and this often" 
occurred when you attempted to tighten 
a holding screw on one of the stand- 
ards, And if you required a vertical 
system, it was a real job to get the 
various lenses into proper line by 
clamping them onto wooden or metal 



The preseat type of optleal system 
with ssetol mawoy* clamps# rods 



Same optical set-up os at bottom of 
poge, but using magnetic system 


uprights. With the alnico standards, it’s 
no trouble at all. The standards stick 
wherever you place them. 

**There is plenty of alnico for war jobs 
but until the war is won, it’s not going 
to be an easy matter for persons or 
laboratories to get alnico stands for 
such purposes. But once the war is 
over, it will be quite a different matter. 
Such magnetized systems promise to 
become extremely popular.” 


CLASI TAII DIES 
Art Sprtadlug BayMly 
la Nsay ladattriss 

One of the most important advances 
in the glass industry has been the re- 
cent development of glass tanks or 
vats for industrial use, according to R. 
B. Tucker, a director of the Pittsburgh 
Plate Glass Company. Dozens of indus- 
tries are turning to glass for their tanks, 
and the installation of new tanks and 
the relining of existent units with glass 
is increasing rapidly, says Mr. Tucker. 
Because the glass used for these tanks 
is tempered and strengthened, making 
for permanency, he believes the ac- 
ceptance of readily installed glass tanks 
will be widespread in the post-war 
period. 

“The development of the glass tank 
has opened new avenues for us,” Mr. 
Tucker declares. *’The progress made 
in this field during the past 12 months 
and the interest displayed by industry 
has been remarkable. Obstacles faced in 
procuring materials worn by the in- 
creased volume due to war production 
has created a definite interest in glass 
tanks. That interest is increasing con- 
stantly and the post-war years should 
see even greater production of readily 
installed glass tanks. Glass tanks are in 
no way to be considered as temporary. 
They are made strong enough and re- 
sistant to quick temperature changes, by 
a special tempering process which as- 
sures tanks that are permanent.” 

Pittsburgh officials are enthusiastic 
regarding their new product, which 
can be fashioned in many shapes and 
sizes. They point out that the glass is 
impervious to acids, alkalis, and liquids 
of almost any type. Glass tanks are of 
high tensile and compressive strength, 
and are said not to rot They are also 
non-absorptive and non-porous, and 
present a hard, level, sanitary surface 
requiring practically no maintenance. 
Standard tanks are built of opaque Car- 
rara structural glass or of clear plate 
glass where transparency is desirable. 

The tanks are manufactured complete 
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This one's go/n^ to huri/ 


Invasion comes high— in blood and money. 

Part of the cost must be paid -with human life. That means 
deep and lasting hurt for many and many an American family. 

Part of the cost must be paid in cash . . , this September And 
that's going to hurt, too! 

The l^ar Loan OnVe is here/ 

To pay for invasion— to get the money to keep our fighting ma- 
chine going — you, and every man or woman in America, arc 
asked to invest in at least one extra $100 Bond in September 

$100 EXTRA, mind you— for evenbody' 

No man or woman tan hold back No man ur woman can point 
to his Payroll buying and say, "They don’t mean me’” No man or 
woman can say, *'I'm already lending 10% or 12% or 20%— I’m 
doing enough! " 


Bech the affack with War Bonds 

This space contributed to the Third War Loan Campaign by 

SCIENTIFIC AMERICAN 


Sure— it’s going to hurt. It’s going to take more than i.pare 
cash this time — more than just money that might have gone for 
fun It’s going to take money you have tucked away. It’s going 
to take part of the money we’ve been living on— nionc'y that 
might have meant extra shoes or clothes or food! Money that 
might have gone for anything that we can get along without! 

Sure— it’ll be tough to dig up that extra money. But we’ve got 
to do it— and we will. 

We’ll do it partly because of the look that would come over 
the faces of our fighting men if wc should fail. We ll do it partly 
because the cheapest, easiest way out of this whole rotten busi- 
ness IS for everybody to chip in all he can and help end it quick 
We’ll do it partly because there’s no finer, safer investment in the 
world today than a U. S. War Bond. 

But mostly, we’ll do it because Aintnca is right smack in the 
middle of the biggest, deadliest, dirtiest war in history. 

And we’re Americans. 
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at the factory, but if new linings are 
required for existing tanks, crews of 
installers move into plants for the re- 
lining of tanks previously utilizing cop- 
per, rubber, or other materials now 
curtailed by war demands. 

FACUCIE "EYE-APPEAL" 
lacrtased by AttsalisB It 
Ctltr aad Sbaps 

The men who design the packages for 
soap, breakfast foods, and other prod- 
ucts pay great attention to the relation 
of color and shape to eye appeal, says 
the Better Vision Institute. 

Most companies selling packaged 
goods to the public have redesigned 
Uieir containers in recent years so as to 
obtain better color combinations and 
greater legibility of names and trade- 
marks, thereby facilitating easier re- 
tention of the pictures of packages in 
the public’s memory, and quicker iden- 
tification of packaged goods on the 
shelves of retailers. Designers have 
given special consideration to shape of 
containers. Boxes that are long and nar- 
row seem to contain more than those 
that are low and wide, thus leading 
consumers to believe that they are get- 
ting "more" for their money. This opti- 
cal consideration is one of the chief 
reasons why most containers of pack- 
aged goods are oblong. Bottles con- 
taining perfume, catsup, and so on, 
have their height greatly exaggerated 
to create the illusion that they contain 
more of the goods than they do. 
Through the adroit use of long lines 
of type, eye-carrying designs, and col- 
ored stripes, many packages take on 
greater size in the eyes of consumers. 

FOLDED HOUSE 

Can be Used Where Pre- 

Fabricated Units are Impractical 

Most mobile and soonest available 
housing unit for the armed forces or 
the Red Cross is the "suitcase house," 
which can be made ready for use tliree 
minutes after arrival at the site. 

Shipped folded into a "suitcase" less 
than 26 inches thick, 8 feet wide, and 
feet long, the basic model of this 
house opens to provide 250 square feet 
of floor .space. It weighs less than 2500 
pounds. 

There are almost unlimited possibili- 
ties for modifications of this unit, in- 
cluding variations in size, double-wall, 
all-steel, air-tight, or windowless con- 
struction, It utilizes an accordion-open- 
ing technique developed by William B. 
Stout, noted industrial designer, for 
which the Palace Corporation has ex- 
clusive manufacturing rights. 



Rnody for uso In flvo ndnulM 



A houfo In a "suitcase" 


The house is designed for transporta- 
tion by plane, truck, or rail, and can be 
shipped overseas in quantity to points 
where material or labor shortages make 
construction or even assembly of pre- 
fabricated houses impractical. 

The exterior on the basic model is 
Homasote, and non-critical lumber is 
used throughout. The only metal is in 
joining parts, wiring, and screens. 
Built on assembly lines, it requires 
fewer than 50 man-hours to complete. 

Contemplated and applied uses for 
these units by the armed forces include 
field kitchens, first-aid stations, aviation 
repair shops, photographic laboratories, 
and communications and supply offices. 

B16H-SPEED CANEBA 
Used in Sindying 
Notions in Indnstry 

One hundred and sixty times quicker 
than a yrink — eight thousand “winks" 
a second — is the speed at which a 
new movie camera can photograph the 
split-second action of our high-speed 
war machines. 

Using 8mm and 16mm film — some- 
times at the rate of 70 miles an hour — 
and appropriately called the Fastax, 
this new camera is driven by its motors 
at a top speed of 8000 frames a second 
— an exposure period of 33 millionths 
of a second — making it an invaluable 
tool for the research engineer. This 
speed means that the Fastax can pho- 
tograph action far too fast for the or- 
dinary slow motion camera. It means 
that "movies" made with the Fastax 
and projected in slow motion can lay 
bare the innermost secrets of mechan- 
ical parts moving at lightning speed — 
that it can even "slow down” electric- 
ity itself. Thus the Fastax, developed 
by Bell Telephone Lalboratories, and 
manufactured by Western Electric, has 
revealed to engineers frailties in com- 
munications and other equipment never 
before beheld by the human eye. 

The first time the Fastax camera 
was used to make research films, it re- 
vealed a heretofore imdetected cause 
of false signals m telephone equipment. 
In an investigation of the action of sig- 
nal relay devices used in the transmit- 
tal of telephone messages, the all-see- 
ing lens reported that a rebounding of 
the movable part of the relay after in- 
itial contact sometimes caused this an- 
noying malfunction. 

Bell Telephone Laboratories’ scien- 
tists have made such diverse cinematic 
studies as the action of the vocal cords 
in producing speech and the explosive 
short circuiting of wires carrying heavy 
currents of electricity. 

The Fastax camera is marked by its 
versatility — a film travel ranging in 


speed from less than three to almost 
seventy miles an hour, adaptability to 
black and white and color photography, 
and the photography of self-luminous 
objects. The slower speeds have been 
invaluable in determining stress and 
impact conditions of new equipment 
designs under test — color, black and 
white, and polarized light pictures hav- 
ing been taken of these tests. The mid- 
dle speeds (1500 to 4000 frames per 
second) have been used to study auto- 
matic operations, to record laboratory - 
controlled breakage of parts and the 
causes of noisy operation in machines. 

The Fastax employs continuous film 
drive, as distinguished from the stop- 
expose -advance cycle of the profession- 
al and amateur slow-motion cameras. 
Exposure of successive "frames" in the 
camera is accomplished by a revolv- 
ing prism acting as an optical compen- 
sator. Hence the images travel in syn- 
chronism with the film past the film 
gate during the exposure period. 

SUBMACHIBE CUB 
Bedstignod to Sava Natarials, 

Cost, and Tool Boqniromonts 

One of the most outstanding develop- 
ments resulting from the program of 
redesign for materials’ conservation, 
inaugurated by the Ordnance Depart- 
ment of the United States Army, re- 
sponsible for the development, manu- 



Made principally from stool stampings 

facture, procurement, and maintenance 
of the soldier’s fighting weapons and 
his vehicles of transport, is a sub- 
machine gun of revolutionary design, 
called the "Riveter" but standardized 
by Ordnance as the M3. The experi- 
mental model was produced and ac- 
cepted for test within four months’ time, 
and these tests proved that the new 
design had extraordinary possibilities. 
Of .45 caliber, it weighs only eight 
pounds (less magazine) and is so small 
that, when taken down, the parts will 
fit into a soldier’s pockets. It can be 
used as a full automatic for rapid fire 
or as a single shot weapon. 

A material reduction in critical 
manufacturing operations was effected 
in the redesign of this weapon. There 
are only 25 component parts and 7? 
pieces (less magazine) . Instead of hog- 
ging and machining the parts out of 
heavy steel forging, thereby utilizing 
critical machine tools and creating 
much scrap metal, manufacture is prin- 
cipally from steel stampings. In fact, 
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all parts except the bolt and barrel are 
made from such stampings. Not only 
does this free many machine tools for 
other uses and eliminate much of the 
waste scrap but it also puts the manu- 
facture right into metal fabricating 
shops equipped with power presses that 
were heretofore unable to obtain war 
contracts. (See also article on pressed 
metals and their present-day industrial 
applications, page 208. Ed.) 

The M3 submachine gun was in pro- 
duction in less than six months from the 
time the first experimental model was 
tested. This engineering triumph was 
achieved in spite of the fact that the 
gun represents a complete and radical 
departure from all other models. Fif- 
teen years ago the approximate cost of 
machine guns was $200 and under 
mass-production this price had been 
cut to something like $40. The present 
M3 submachine gun is being made for 
less than $20 and with a 50 percent re- 
duction in man hours and 25 percent 
cut in machine tool requirements 

The stock of the new gun is skeleton- 
ized and can be slid onto the gun proper 
so that the arm can be used either as 
a gun or a pistol. The barrel is only 
eight inches in length and no tools are 
necessary when assembling. 

The new M3 submachine gun has re- 
ceived many tests by various service 
boards, and is reported to have been 
acclaimed a.s superior not only to those 
of the Axis but also to other American 
and Allied submachine guns. 

BUST PBCVCNTEBS 
Aid in Salvaging 
Nonaandia's Eqnipmant 

Since the beginning of salvage opera- 
tions on the great Navy transport the 
Lafayette, formerly the French Line 
luxury ship Normandie, a petroleum 
specialty group which has the unusual 
property of displacing water from metal 
surfaces has been used to protect the 
vessel’s fittings and machinery from the 
heavy loss which would otherwise have 
inevitably occurred from rusting. 

The petroleum specialty is actually 
a series of several rust-preventing 
products, two of which have been used 
on the Normandie. These products 
penetrate water in contact with metal 
surfaces, spread out on the surface 
so as actually to push the water away, 
and effectively seal the metal from oxy - 
gen. 

As soon as it was decided to salvage 
the ship after she had burned and 
turned over in the Hudson River, the 
use of the rust- preventives was sug- 
gested to officials of Merritt- Chap- 
man and Scott Corporation, conducting 
salvage work for the Navy. As a con- 
sequence, equipment removed from the 
great ship, as she was stripped to 
lighten her, was washed in one of the 
rust-preventives before being stored for 
later use. 

When water began to be pumped 
from the hull, new problems were pre- 
sented, and an entirely new type of 
the rust-preventive was developed for 
protecting the machinery deep in the 
ship’s interior. This product had the 


sanie water-displacement properties as 
the product used for parts removed from 
the ship, but was changed in such a way 
as to avoid fire hazard when using an 
oil product in the ship’s enclosed spaces. 

As the level of the water inside the 
hull was lowered by pumping, the 
ship’s tremendous turbines and other 
machinery were sprayed with the new 
rust - preventive as they were ex- 
posed to air. As a result, it is under- 
stood that the only turbine which will 
show substantial damage from corrosion 
is one which was alternately in water 
and in air, due to rise and fall of the 
tide, before it was possible to treat it. 

Standard Oil (N.J.) technicians point 
out that little rusting ordinarily occurs 
on metals which are as deeply sub- 
merged as was most equipment of the 


Knowing how . . . 

Building optical instru- 
ments is a job for skills built 
on experience. Bausch & 
Lomb has the skills, and the 
experience. Albert Vragcl, emery expert, 
is one of 39 men and women who, with 
50 years or more at Bausch & Lomb, have 
helped America through three wars. They 
are part of the organization known as 
the Early Settlers — the Bausch & Lomb 
25-year-service club — with 518 members. 

Such experience is irreplaceable today. 
1 1 indicates why Bausch & Lomb was ready, 
when war clouds gathered over Europe, to 
supply the United Nations with the optical 


Normandie. Rusting does not take place 
except in presence of oxygen, and the 
oxygen content of water decreases rap- 
idly with increase of depth. However, 
as soon as long-submerged metal is 
brought to the surface, it is attacked by 
oxygen very actively. Then rusting oc- 
curs at an almost visible rate. 

Much of the Nofmandie’s equipment 
was of such nature that it could not be 
readily dried. Encased or complicated 
machinery, for example, could not be 
disassembled promptly enough to be 
protected from rust in the usual ways. 
It was for this reason, and because of 
the more certain protection, that equip- 
ment was dipped, swabbed, or sprayed 
with one of the two types of rust-pre- 
ventive. 

Even electric motors were so treated, 


and Showing how 

instruments of war. It provides the “know- 
how,** too, to meet ever-increasing pro- 
duction demands, by training thousands of 
new workers . . . for our own plant and 
plants of other manufacturers, to whom we 
have made available Bausch & Lomb speci- 
fications, methods and experience for 
certain military optical instruments. 

BAUS^ & IXDMB 

OPTICAL N. Y. 

ESTABLISHED IBS > 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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Smoothly geared 
to duration living 


A home, a headquarters, a stopping-off place 
...The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 


' Ki;?.- r- •- ■ v . :■ 


idthough ordinary oils are injurious in 
motor armatures. As a preliminary test, 
a motor was treated with the more vol- 
atile rust-preventive and stored. At the 
end of a week, the rust-preventive had 
evaporated, and the dried motor was 
started and ran. 

The ship’s gsrroscopic compass, a del- 
icate and complex piece of equipment, 
was so successfully protected that re- 
placement of only two parts and motor 
was required. It was then installed in 
the vessel after being taken from its 
long soaking in the depths of the 
river’s muddy water. 

In addition to main turbines, motors, 
and gyroscopic control devices, the 
equipment treated with the rust-pre- 
ventive included hundreds of tons of 
pumps, lamps and lighting fixtures, 
kitchen utensils, laundry equipment, 
ice machines, and a variety of other 
mechanisms. 

By preventing destruction of these 
materials from corrosion, a quan- 
tity of critical materials, and innumer- 
able man-hours of manufacture have 
been saved, and the return of the Nor- 
mandie to service has been greatly has- 
tened. 

mUSTBIAL COBMCOBS 
Mala Usts to Dais are 
Based ea Pkysical Properties 

A GREAT many industrial uses have 
been proposed for corncobs and, al- 
though the subject has already received 
a considerable amount of attention, fur- 
ther studies are being made by the 
Northern Regional Research Labora- 
tory. The small industrial utilization 
of cobs is attributed more to economic 
factors than to a lack of knowledge as 
to the means for preparing useful 
articles, chemicals, or chemical de- 
rivatives from them. 

Since cobs, and most other agricul- 
tural residues, waste wood, sawdust, 
and so on, are of similar composition, 
chiefly cellulose, hemicelluloses, and 
lignin, together with ash and small 
amounts of mtrogenous and soluble 
materials, they are competitive waste 
materials from the standpoint of com- 
position. The permanent use of any 
specific residue for any desired service 
will, therefore, be based on the greater 
suitability, as regards other factors, of 
that residue to perform such service. 
Because of their physical characteris- 
tics, particularly because of the hard, 
tough nature of their woody portion, 
ground cobs have found use in indus- 
try for certain special purposes. Such 
uses, up to the present, are based 
entirely on their physical rather than 
on their chemical composition. 

Ground cobs, for some 20 years or 
more, have been marketed for the pur- 
pose of cleaning furs, for burni^ng 
metals, for removing oil from tin and 
other types of metal plates, and for 
making sweeping compounds. 

Ground cobs of about one -quarter 
to one-eighth inch in size make a very 
suitable fill in farm and other buildings 
for heat insulation because of their 
low thermal conductivity. They may 
be used as a loose fill over ceilings 
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between the joists or in walls between 
the studding. However, they have the 
disadvantage of not being fireproof, and 
while they do not attract vermin, they 
are likely to be a good harbor for them 
because of the looseness of the fill. 

Ground cobs have been used in mak- 
ing light-weight ceramics and tile. The 
procedure consists of incorporating in 
the clay particles of cobs which, on 
burning, leave empty air spaces. Many 
types of ground ligno-cellulose ma- 
terials will perform the same service. 

Ground cobs seem to be suitable as 
a filler for plastics, except that the 
luster and waterproof qualities of the 
phenolic plastics made with cob Hour 
do not seem to be as high as with wood 
flour. These requirements are not so 
important in certain plastics. In such 
cases the question of price would be the 
controlling factor for the replacement 
of wood flour by ground cobs. 

Due to war conditions consideration 
has been given to ground cobs as a re- 
placements for granulated cork. The cob 
particles are much harder and less re- 
silient than cork, and where resiliency 
is required the ground-cob particles are 
not an equal substitute. However, their 
resistance to abrasion and wear would 
indicate suitability of use in materials 
such as composition shoe soles, stair 
treads, and the like. It has been re- 
ported that ground-cob flour of about 
50-mesh size is suitable as a replace- 
ment for cork in linoleum manufacture. 
Another use for cobs, although rather 
small, is as a replacement for beech or 
other wood shavings as a bacterial - 
film-supporting medium to provide 
maximum oxidation conditions in the 
manufacture of vinegar. 

Cobs may be used as an absorbent in 
the manufacture of dynamite. Pithlike 
particles, such as those from sugar cane 
or cornstalks, make a good absorptive 
material for nitroglycerine in the manu- 
facture of low-density permissible 
dynamites. An apparent density of 
from 0.15 to 0.10 is required for such 
material, and the material must be free 
from sand and metal particles which 
would cai( /reformation of a spark in 
compounding. The ordinary woody 
material of file cob is too dense to meet 
such specifications, but it is reported 
that by suitable extraction of the cob 
particles, the apparent density can be 
lowered to the specific limits indicated. 
— The Chemurgic Digest. 

CAS SIOBTAGC 
Net Im Brasil by 
Via al FroCscar Gas 

The use of ‘^producer gas** for power- 
ing automobiles in Brazil, to meet a 
shortage of petroleum products more 
acute in that country than in the United 
States, was described recently by Dr. 
Tharcisio D. de Souza Santos, an en- 
gineer from the Institute of Technolog- 
ical Research of the University of Sao 
Paulo, Brazil. 

**Aa a result of substitutes adopted to 
combat the shortage of petroleum prod- 
ucts, Brazil has not suffered to any ma- 
terial extent,** Dr. Santos says. 

Wood and native coal have displaced 


a large fraction of the fuel-oil con- 
sumption in industries, he explains. 
Producer gas and pulverized charcoal 
are extensively used as substitutes for 
fuel oil in industrial furnaces. Fuel oil 
is severely rationed and quotas are 
granted only to some industries es- 
sential to the war effort where sub- 
stitution is difficult. Much has been ac- 
complished in Brazil in this field and 
further progress is being made. 

“Automobiles were first to be sacri- 
ficed when the shortage developed. Gas- 
oline has been under strict rationing 
throughout Brazil since May, 1942. Af- 
ter July 9 of that year, no private cars 
of any kind were allowed to run Bus 
lines have been cut to the minimum 
absolutely necessary. Taxicabs and 
trucks are entitled to ration coupons 
only for essential transportation. Even 
before Brazil entered the war, the gov- 
ernment encouraged the use of pro- 
ducer gas or *gasogenio* and dehydrated 
alcohol as native fuels to substitute for 
gasoline in engines. The latter is pro- 
duced in substantial amounts from sug- 
ar cane. 


“Had it not been for the large sub- 
stitution of producer gas, the trans- 
portation situation would have been 
crippled badly,** declares Dr. Santos. 

“Today one sees in Brazil a large 
number of vehicles producer-gas pow- 
ered,** he says. “Since August, 1942, 
private cars can get a license only if 
they feve a gas producer. In order to 
precKte their obtaining gasoline in the 
black market, the gas tank is removed 
from the car and frequent inspections 
are made.*’ 

Producer gas is obtained from the 
partial combustion of charcoal in a re- 
ducing atmosphere which takes place 
in a generator placed at the back of 
the car. Charcoal is the ideal fuel as it 
has a low ash content. The gases con- 
tain in suspension fine particles of char- 
coal dust as well as distillation prod- 
ucts which have not been completely 
removed in the wood distilling. Both 
of these must be removed through fil- 
ters before the gases go to the engine. 

Also, as the gases are hot and give a 
low heat value per unit of volume, they 
must be cooled to increase it accord- 



• , , and every turn of the spindle, as he 
guides his work through many precision op- 
erations, helps bring Victory one step closer. 

Hours spent at a lathe may lack the danger- 
ous excitement of comhat — but the vah)rou8 
men on the battle fronts breathe a prayer of 
thankfulness for guns, shells, planes, tanks - 
for all the superb equipment which is help- 
ing them swing the tide against the Axis. 

So the man at the lathe is a soldier, too, as 
he bends his shoulders to the task of pouring 
out weapons in an ever-increasing stream. 
He faces his task grimly . . . proudly . . . pro- 
claiming by the gleam in his eye and the jut 


of his jaw that he will not be outdone in serv- 
ice to hib country, and knowing that Ameri- 
ca’s (irod action is a decisive factor in the war 

To help America ’’tool up for Victory,” the 
output of South Bend Lathes has been in- 
creased (we can't say how much) in the last 
year and a half giving the man at the lathe 
the efficient, dependable production weapon 
he must have to win, 

Tlicre is a South Bend Lathe fof every class 
of work engine lathes, toolroom lathes, and 
turret lathes. Write now for our new catalog 
No. 100 (] in which the entire line is illus- 
trated and dcbcriiied. 



SOUTH BEND LATHE WORKS 

South Bund 22^ Indiana Laihm Balldere tor 37 Yooro 
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IMMEDIATE 

LATEST TYPE INDUSTRIAL I 



(Slight 


DELIVERY 

LABORATORY EQUIPMENT 


HEAVY DUTY TWIN 
COMPRESSOR 

G>niplete automatic twin cylinder outfit 
fully equipped with a heavy duty 54 
H.P. motor, air tank (300 lbs. test— 
ISO lbs. A.W.P.), automatic adjust- 
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace- 
ment 1.7 cu. ft. per min. 

Modtif D N G 5/4 

12* I 24* tank A.C. 110 or 220 v. 60 cyelt 

$57.50 

16* X 50* tank A.C. UO or 220 v. 60 eyela 

$64.50 

Larga stock of air cooiprtsiori, H.P. to 20 
H.P. A.C. and D.C., all voltages. 1 to 120 
C.F.M. displKemcnt, built for all requirtiienta 
Additional data on rtqucst. 

for Crating) 


BRONZE DEAR AND 
OENTRIFURAL PUMPS 



With 

Inlet Outlet Price A O motor 
Ho. 1 Centrifugal S 4.50 StS.OO 

No 4 “ (5* IS.Sa IS.M 

No. 0 ** W 1 • 14.50 IS.M 


No 

Uk Geer 


Price 1 O.M 

With A.C. 

motor 

No. 

2 



lO.M 

• * 4t 

04 

No. 

3 

44 


•* 11 60 


44 

No. 

4 

41 

ir 

** 11.60 

«« <« 

44 

No. 

7 

44 


ISN 

M t* 

44 

No. 

0 


1 • 

** 10.50 


44 

No 

11 



44.50 




ro 11 “ •• 44.54 

(Slight Charge for Crating) 


IS5.M 

17.54 

18.54 
Sl.M 

57.54 
49.50 

on regUMt 


DURAKOOL MERCURY SWITCHES 

This metal mercury switch overcomea faults of 
usual mercury switches. May be turned a full 
300°. Has thounandfl of known applications from 
tiny lab Instruments to gigantic power controls. 

1 Amp .... 11.10 20 Amp ISIS 

3 Amp 1.45 35 Amp. . . . S.SO 

5 Amp 1.65 66 Amp 11.00 

10 Amp . . .. too 300 Amp .... 50.00 


»BUSH” condensers 
TINNED COPPER 

Designed for refrigeration and air 
conditioning. Has many other uses. 
High heat transfer capacity and 
great efficiency. 

Sizes X $5.50 each 

Single Coil, double fin 

Sizes 10% X IIV 4 $6.50 ” 

Double Coil 



Ideal spraying outfit for all liquids such as paints, 
enamels, etc Can also be used for cleaning, tire 
inflating, and general purposes Equipped with 
General Electric ‘/4 HP a 0 motor Quincy air 
compressor, adjustable safety valve, and 100 lb 
air gauge A heavy duty Plummer spray gun with 
15 feet of hose Weighs only 60 lbs. 

p,ic. WMO 


Limited number of larger sizes on 
hand. 


Complete end ready for operation, 
(Slight Charge for Crating) 


•TAR’’ TEMPERATURE RECORDERS 

Himiu recording 
th ermometorg 
have a 60 In. long 
capillary bulb for 
remote recording. 
Accurately re- 
oorde temperature 
for each 24 houre. 

Temp Range 0* to 4’50'’F tftJSO 


IMMERSION HEATERS 

Ideal for heating a small amount of fluid In- 
stantly Complete with approved cord Sc plugr 
Will fit any drinking glass. Will not contaminate 
water. 

500 watt no volt 17.50 

Limited Amount Oen Elec Sc Cutler- 
Hammer (fits pipe thread). 1300 

watts. 110 or 220 v three heat . $10 50 


Synchronous Motors 

New Emerson lOOth M P , 900 R.P.M. 110 volt 
00 cycle hollow 25 '32 shaft vertical or horirontal 
mount, no base Has many applications . . $7.50 



FORCED DRAFT BLOWERS OOMPLiTE WITH MOTOR 

TTPB HP 


0 


P M 

OU. FT. MIN 

INLET 

OUTLET 

PRICE 

1750 

140 

4}$*’ 


fll.M 

1760 

360 


345* 

25.40 

1750 

636 

4 • 

w 

I4.M 

1760 

950 

vy 

4 • 

17.54 

1780 

1900 

w 

7 ' 

75 M 


t/ao 
?'{ 

PRICES QUOTED ARE FOR AO 110 V 60 OYCLSS ONLY. 
OTHER VOLTAOES ON REQUEST 

(Slight Charge for Crating) 



PIONEER AIR COMPRESSOR CO., Inc. 

120-S CHAIMBERS ST. NEW YORK 7, N. Y. 


ingly. From the generator the gases are 
drawn through cooling chambers where 
the charcoal dust is deposited and then 
through a fine filter medium, generally 
a woolen cloth, where the fine dust is 
precipitated. 

As the heat value of the gases is 
lower, the power output of the engine 
is about 50 percent of the power pro- 
duced by gasoline. The consumption of 
charcoal is low — about 1% pounds per 
mile. 

Trucks using producer gas are allowed 
to retain gasoline tanks and switch to 
their use if necessary. 

The system of generator, cooling 
chamber, and filter is contained in a 
cylinder about 12 inches in diameter 
and four or five feet high. This is made 
of scrap sheet steel, about 300 pounds 
being required. “It makes a bulky 
load,” says Dr. Santos, “and producer- 
gas powered cars are certainly not good 
looking, but they have been found a 
good solution for wartime to save gas- 
oline for the essential requirements of 
the country.” 

PLASTIC CMTELOPE 

Kttps Bluopriatt, Faclory Oritrs, Office 

Forms Cloaa aid Naal 

Made of cellulose acetate plastic and 
designed as a protective covering for 
work orders, blue prints, maps, charts, 
diagrams, and other factory and office 



Xowpe papers clean yet visible 


forms, a new envelope keeps the con- 
tents clean, neat, and visible at all 
times. 

Bound leatherette edges on all sides 
prevent the envelope from tearing or 
breaking; patented lock-stitch on bind- 
ing will not unravel; envelope is flame- 
proof, moisture-proof, oil-proof. Eye- 
lets or straps can be provided where 
required. 

TUBE mERTlFICATION 
Nadu limpla by Uia tf a 
Staadard Basuiass Nackiaa 

A NEW process for printing part num- 
bers rapidly on appropriately colored 
calendar tape used in the identification 
of warplane tubing, thereby saving 
time and cost as well as speeding re- 
pairs on vital war fronts, has saved ap- 
proximately 76 percent of the cost of a 
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former method of identification in one 
of the warplane plants of Curtisa- 
Wright Corporation. 

An achievement of the labor mea- 
surement department of the organiza- 
tion’s Airplane Division, the new pro- 
cess utilizes an ordinary office machine 
—the addressograph — to print the vital 
part numbers on each strip of colored 
calendar tape before it is pasted to a 
piece of tubing destined for the inter- 
nal system of either a Curtiss Warhawk 
(P-40) fighter or a giant Curtiss Com- 
mando (C-46) military transport type. 

Because of the wide variety of li- 
quids and gases needed to operate the 
airplane of today, American plane man- 
ufacturers have standardized on a color 
coding which must permanently iden- 
tify each length of tubing installed. As 
examples: A tube banded with red in- 
dicates that it is conveying gasoline, a 
yellow band means lubricating oil, a 
combination of red, yellow, and blue 
stripes indicates hydraulic oil used ex- 
tensively to operate brakes, landing 
gears, wing flaps, and numerous other 
essential equipment. 

The complex nature and limited space 
available in a modern plane have made 
the job of factory tubing assembly and 
the replacement of damaged tubing by 
field crews an extremely trying one. 
The identification of these tubes by 
part numbers is a constant source of 
trouble since many tubes carrying sim- 
ilar liquids and gases are almost iden- 
tical in pre-formed shape. 

The new procedure combines the 
identifying part number with the ap- 
propriate colored tape and all tubes 
now being used at one of the Curtiss- 
Wright plants are permanently coded 
and numbered in the tube-forming de- 
partment by this new method. 

Previous identification methods in- 
cluded the use of rubber stamping and 
metal tagging for part numbers but 
both of these methods required the ad- 
dition of colored cellulose tape. 

To the Nashua Package Sealing 
Company goes the credit of developing 
a paper tape with an adhesive which is 
standing up well under rigorous tests 
and which is also lower in cost than 
the tape which it has replaced. 

The printing of the tape is accom- 
plished on a standard Addressograph 
and the only special equipment re- 
quired is the simple device which auto- 
matically feeds and rewinds the tape. 

The following comparison between 
the old and the new method gives fig- 



Speedlng IdenUficotton of tubing 



A SECRET METHOD FOR 
THE MASTERY OF LIFE 


W J T HENCE came the knowledge that built the Pyramids and the 
mighty Temples of the Pharaohs? Civilisation began in the 
Nile Valley centuries ago. Where did its first builders ac- 
quire their astounding wisdom that started man on his upward 
climb? Beginning with naught they overcame nature's forces and 
gave the world its first sciences and arts. Did their knowledge come 
from a race now submerged beneath the sea, or were they touched 
with Infinite inspiration? From what concealed source came the 
wisdom that produced such characters as Amenhotep IV, Leonardo 
da Vinci, Isaac Newton, and a host of others? 

Today it is \nown that they discovered and learned to interpret 
certain Secret Methods for the development of their inner power of 
mind. They learned to command the inner forces within their own 
beings, and to master life. This secret art of living has been pre- 
served and handed down throughout the ages. Today it is extended 
to those who dare to use its profound principles to meet and solve 
the problems of life in these complex times 

This Sealed Book — FREE 

Has life brought you that personal satisfaction, the sense of achievement and 
happiness that you desire? If not. it is your duty to yourself to learn about 
this rational method of appl>ing natural laws for the mastery of life. To the 
thoughtful person it is obvious that eveiyone cannot be entrusted with an 
intimate knowledge of the mysteries of life, for everyone is not capable of 
properly using it. But if you are one of those possessed of a true dL^lrc to 
forge ahead and wish to make use of the subtle influences of life, the 
Rosicrucians (not a religious organisation) will send you a Sealed Book of 
explanation without obligation. This Sealed Book tells how you, in the 
privacy of your own home, without interference with your personal affairs 
or manner of living, may receive these secret teachings. Not weird or 
strange practices, but a rational application of the basic laws of life. Use 
the coupon, and obtain your complimentary copy. 


vAe Rosicrucians 


SAN JOSE ( A M O R C ) 


CALIFORNIA 


Scribe: Y. A. Q. j 

The Rosicrucians (amorc) 1 

San Jose, California | 

Please send free copy of Sealed Book, which | 
I shall read as directed \ 


Use this 
coupon for 

FREE 

copy of boo\ 


Name, 


Address. 
C^TY 


AMENHOTEP IV 
POUNDER Qjp Egypt’s 

MYSTERY SCHOOLS 
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•■IM Y«ir Owi Starahlight 

U. I. Amy NraMte Mirrtr 
PrMittoi QNalHy 

qiam 

DIa. LAAffiii TklekaAW me* 

30 In 131& In. 7/16 In. I 75. 
36 in. I 6 V 4 in. 7/16 In IM. 

Made by BauboH JI Lomb * PAraont. 
PecfecUy ground And hli^j poUshAd. 

A ffw 60 In. slightly Mssd nstal 
Mlrrsrs on hand 1226. on. 


HAND CLINOMETERS, PENDANT 

U. S. Army Knffineers, ueolo^stB. Sur- 
veylnsr, Mapping, etc. Magnifying Uve- 
pleoe 66.00 




Variable Rheo- 
•tat, Ward Leo- 
nard vltrohm, 
double plate 8* 
dla. 6 to 16 amp, 
4 ohm, front or 
back oonneoted 
$ 10.00 
Ward Leonard 
Vltrohm Rheo- 
■taU. VaHable 
600 ohm, .t to 1.6 
amp.. Si atepe, 
field regulation 
type %\IM 


DYNAMOTORS 0. C. to D. 0. 


34-760 volt. 0«n. Boctrle 300 
mills $37.56 

34-1000 Oen. Else. lOOO mills 


13-350 volt 80 mUls 
13-750 volt 300 mills 
33-350 volt 60 mills 
33-300 volt 60 mills 



SHIPS COMPASSES 

(U 8 Maritime Commission) 

RllCHIE. KELVIN AND WHITE. LIONEL, etc 
71/8* card, underlit type with Oimbals and Ma- 
hogany Case These are all used and need cal- 
ibration and minor repairs An Excellent souvenir 
$25 00 each. 


MOTOR GENERATORS 

130 d.c , 110 or 330 a c , 500 cycles. 350 watt 

$125.00 to $175.00 

130 d c., 110 or 330 AC, 600 cycle, 500 watt 

$175.00 to $250.00 

120 d c.. no or 220 a 0 . 500 cycle, 1 kw 

$275.00 to $325.00 

120 d c., no or 220 a c , 600 cycle, 3 kw 

$306 6$ to $485.66 

120 d c , no or 330 a c., 600 cyc^. O' kw 

120 d e to 400 d c 2 kw 
130 d c to 600 d 0 3 kw 


$425.00 to $550.00 
$225.00 to $275 00 
$250.00 to $325.00 


Motors, Oynuhronous, $30 v. 60 eyoloe 1800 
R P M tkR P $$0.0e 


TIME CLOCKS 

Stromberg Electric. 110 volt, D C . Model 5 
New (requires master) $56.06 each 


HUTCHINSON PRISMATIC COMPASS 

3 In. dia., brass, black enameled. Im- 
proved pattern, with opening In top, 
floating Jeweled dial. 2 In. £3ach ... $16*50 



TRANSMiniNO 

CONDENSERS 

MICA 

operating volts 12 .- 
500. cap 004. 
Dublller . . $18.60 

Wireless Spec. flO.tO 


Condenser. Dublller, mica op volts 8.600 cap. 
004 $7.56 


Motors, Synchronous, 220 v. 60 cyclM 1600 
RP.M ^iH.P $30.66 


Motors. Synchronous, 230 v 60 cycles 1800 R P M. 
^bHP $60.60 


« Strokt ElMlrlt 0««E» 

inM DC 5 Ohm Uwh. Wound ll*.M 
Edwards 10* bronse DO 6 Ohm Mech. Wound 15.00 
Edwards 6 * bronse DC 5 Ohm Meoh. Wound 10.50 



0. t. ARMY 
AIRCRAFT MICIO- 
PHONR 


ItoaufActurAd Igr ^ 
ere llAetrle, ISS 

BroAit lypA OATboo 

mterophoBA 
ttr. aolM r 
pleU with 




TUNOSTIN OiNTACT DISCS 

1 3/16* dlA.— 1/16* thlek. Pure metAlUe tungoteu 
eonteets Meehlued end poliihed 

S3 00 sa $S00 DAT pelr 



with Platinum 
Throw 


West. Bleo. Anti- 
Capacity Switch- 
es. 14 Terminals. 
Contacts. Double 
$2.00 each 


Prisms. Binoculars. Bausch A Lomb. used. 

slightly chipped. 1 11/16 inch long 

by ^4 Inch wide $ 8.66 


GLASS MERCURY TUBE SWITCHES 

8 amp $1.98 10 amp $2.25 

20 amp $2.95 


Webster ^,4* spark eoll, 110 volt. 60 cycle 30 
watts, with vibrator $5 06 


HIGH FREQUENCY GENERATORS— AO 
4800 RPM. Ball Bearing. Self Excited 


400 cycle 116 Volts 300 Watte 165 60 

500 cycle US Volts 350 WatU . 86.66 

500 cycle US VolU 500 Watts 65.00 

600 cycle US VolU 300 WatU . . . 65.00 

900 cycle 110 VolU 300 WatU 45 00 


U. S« Navy DIvtrs Lanttrn 

Electric 150 watt, any voltage solid cast 
brass. 800 lb. test Weight 12 lb. 

Price sa.5o 


U 8 . N double current generator, 450 volt at 
360 mills and 9 votu at 3.75 amp Oomplets 
with filter May be used as dynamotor . $ 68.66 


Vailnble Rheo- 
stat, Cutler 
Hammer, 4 to 
12 amp, 6 ohm 

10" X 12" $18.00 



DIAL SWITCHES FOR TELEPHONES 

“Kellogg” 4 terminal. 10 digits Diameter 
%'\ new $ 3 , 5 Q 


U. S. Army Bayonet complete with 
scabbard, Springfield model. Can be 
remade to Commando Knife . .. $4.96 ea. 


Telegraph and buzser portable seU, mahogany 
case. 3 tone 4 contact platinum point high fre- 
quency butser, 2 telephone toggle switchea. po- 
tentiometer, sending key, 3 mfd. condensers, 
transformer and 2 choke coils, receiver. ..$16.06 


U S. Army Aircraft, 
solid brass telegrapb 
and radio transmll- 
tlni ksy. largs eou- 

taets $2.9$ 



U S Army Generators. Signal Corps double cur- 
lent, hand driven delivers 8 volU at 6 Mi AMPS 
and 350 volts at 25 AMPS. 

Bronse Gears In Aluminum Case. 

Approximate Weight 50 pounds 

Pries ^83.00 


MANHAHAN ELECTRICAL BARGAIN H0USEJNCJ20CliiinliersSLyN.Y.7,N.Y. 

. Dept. S. $. 


ures which include all labor and ma- 
terials and which are based on actual 
cost of banding 25,000 pieces of tubing 
in production. 


Total Cost — 

Old Method $ 750 61 

Total Cost — 

Addressograph Method . . 171.95 

Total Dollar Saving 

per Run $ 578.66 


These money savings, while substan- 
tial, do not tell the whole story, since 
the identification of each tube cannot 
be valued intrinsically. 

riBlIG FIBS 

Wilk NslEtA Fissile HtsEs, 

Ntlsl AUty Shaikf 

They look like thumbtacks — in fact, 
might even be used for thumbtacks— 
and are being used to prod the Axis. 
They are firing pins — and something 
rather new in the way of firing pins. 
The head is molded of a medium im- 
pact Durez plastic by Globe Tool and 
Molded Products Company. The pin 



Firing pins, not thumbtocks 


itself is of a metal alloy and molded 
solidly in the Durez head. It is surpris- 
ing when one thinks of the big jobs 
these little pins perform, yet a firing 
pin is just as vital to certain types of 
shells as the explosive, the container, 
the fuse , — Durez Plastic News, 

COICBETE FBOTECTIOM 
Allorded by Fr$$it-B$$isl$Rt 
Bssia fr$m Fiat Wtod 

Highways in at least 15 states, and 
concrete runways on airplane landing 
fields, have been made resistant to 
severe winter conditions through the 
addition of about a tablespoon of Vin- 
sol, a pine wood resin, to each sack of 
cement. 

To eliminate surface scale caused by 
freezing, thawing, and applications of 
salt for ice removal, chemists of Her- 
cules Powder Company have worked 
for five years in co-operation with vari- 
ous state highway departments, federal 
agencies, and the Portland Cement As- 
sociation. 

Fractional amoimts, ranging from 2^ 
to 4% parts in 10,000 (.025 to .045 per- 
cent) of the resin are added by cement 
manufacturers to the clinker during 
grinding. The resin is extracted from 
southerd pine wood. 

Test roads, on which strips of resin- 
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THE HENRY SYSTEM 
Of Finger Print 
Classifloition 
and 

Identlflcatlon 

ii now in um by moat 
of cho Polled Dapdttmdntf in thd 
Unitdd Stated, It if alio the ayttem 
which applicanu for many Civil 
Service poaitiona muat maater before 
they can aucceaafully fill all require- 
saenta. 

The only book baaed on the Henry 
Syatem la Frederick Kuhne’a 

<*THE FINGER PRINT 
INSTRUCTOR” 

In thia 182-page book, written by a 
noted finger print expert who waa 
for many yeara in the Bureau of 
Criminal Inveadgation, New York 
Police Department, will be found 
complete inatructiona on every phaac 
of the work from taking the printa 
to final identification. Numeroua 
photographa and reproductiona of 
printa make all detaila clear. 

Uaed by many governmental and 
induatrial peraonnel departmenta 
and by the F.B.I. 

$ 4.25 poatpaid 
New 1942 Printing 

Ordtr Frem SCIENTIFie AMERICAN 
14 West 40tli Street, New York 18, N. Y. 


New Book on 


ARC WELDING 



Now Edition ''Procedure Handbook ol 
Arc Welding.** Bigger than ever. Wider in 
scope. Latest information on all phases of 
arc welding— the ace process of war pro 
duction and key to progress and increased 
earning power in post-war era. 
Authoritativo. Recognized the world ovei 
as the "bible** on arc welding design and 
practice. Many thousands in use by weld 
era, designers, engineers and shop man 
agers. Standard text in hundreds of schools 
and colleges. 

8308 pagGft • 1810 iiluatrationa 

Six# a'xa^x 1V4'* 

A *5.00 Value $1 RA 
for only 

($2.00 outside U. 8.) 


Ordar your copy today. 

Mall order and check to 

SCIENTIFIC AMERICAN 
M W. 40lli SiPaat 
Haw Yaik 18, N. Y. 


treated portland cement concrete were 
laid side by side with untreated con- 
crete, have been constructed in Dela- 
ware, Illinois, Indiana, Kentucky, 
Maine, Massachusetts, Michigan, Minne- 
sota, Missouri, New York, Ohio, Penn- 
sylvania, South Carolina, Utah, and 
Wisconsin. The Queen Elizabeth Way 
in Canada, from Niagara Falls to 
Toronto, also has sections containing 
resin-treated cement. 

These roads show that in states 
where the strip of imtreated concrete 
has deteriorated due to winter condi- 
tions, the section of resin-treated 
cement concrete alongside it remains 
unaffected. Laboratory tests show that 
in all cases this resin-treated portland 
cement has superior resistance to freez- 
ing, thawing, and applications of salt. 

Vinsol- treated cement has also been 
used extensively by the United States 
Corps of Engineers for numerous jobs, 
principally in the construction of mili- 
tary airports throughout New England, 
New York, Michigan, and Illinois, the 
company disclosed. 

SECRET ADHESITE 
CeaikiBts Tkfrmtplatlic aad 
Tkarmosdtliag Qaalilits 

What is reported to be a radically 
new type of adhesive developed by the 
Du Pont Company, is being used to 
bond the thin sheets of wood that are 
molded to form the bodies of military 
helicopters, the planes with the rotary 
wings, it was announced recently. 

“The most important of several un- 
usual qualities of this new plywood 
glue is that it is both thermoplastic and 
thermosetting,** says R. C. Peter, Du 
Pont Finishes Division chemist. “This 
means that when ply-covered forms are 
heated under pressure in ovens, the ad- 
hesive at first becomes fluid and permits 
the layers of thin wooden strips to 
move into intimate contact. After only 
20 minutes the adhesive sets as a per- 
manently tough, heat-resistant, insolu- 
ble material ’’ 

Plywood bonded with Adhesive No. 
4624 — its composition is still secret — is 
unaffected by the high temperatures 
that build up in the interior of airplane 
surfaces under a tropical sun. In fact, 
plywood of this type will withstand 
being boiled in water for three hours. 

Adhesive No. 4624 is more costly at 
present than previous commonly -used 
plywood bonding agents. “Yet its rela- 
tive costliness is compensated for by its 
properties,** says Mr. Peter. It retains 
its flexibility at low temperatures when 
most adhesives become brittle. More- 
over, its weight as a plywood bonding 
agent is almost one fourth less than 
other suitable materials, an important 
factor in plane construction. Its initial 
plastic quality in the bag-molding pro- 
cess, permitting perfect contact of the 
laminations, not only greatly reduces 
the number of rejects, but improves the 
aircraft safety factor. 

Mr. Peter revealed that No. 4624 con- 
tains none of the substances prcvioiisly 
common to adhesive manufacture. The 
product is available today only for mili- 
tary use. 


Tmdp0ks 


INVENTORS Send ImmedUtel 
for your copies of our FREE 
BOOKS. ‘‘Patent ProteeUon” and 
“SelUni an Invention". Sixty- 
eight pages of Interesting facts. 
Tell how Patent Laws protect you: 
kind of sketch or model needed: 
simple steps to take without ooet. 
how BUcceMful Inventors have se- 
cured financial aasUtance, show 
interesting Inventions. Illustrate 
important mechanical movements. 
Other men have read and profited 
by these books With books we 
also send Free Evidence of Inven- 
tion form, that you can use to 
establish date of disclosure 
Prompt service, reasonable fees, 
deferred payment plan Strictest 
secrecy. Highest references Write 
us in confidence or mail the 
coupon The facts in our 
books are worth money to . 
the man with a good in-am^ 
venUon. 

VICTOR J 


Evans & 


Re«iBtered Patent AHomeyt 
726-M Merlin Bldg , 
Woehington, D. C 



When yon write to 
advertisers 

• The Editor will appreciate 
it if you will mention that 

s^w SCIENTIFIC 
itinA MERIC AN 


For Sclontific and Technical Booka 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 



Over 6o years of 
service in the field of 


PRECISION 

OPTICS 
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INSTRUMENTS 


e 

OPTICAL ENGINEERING 
AND INSTRUMENT DESIGN 
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NEW PRODUCTS 

A well establiihcd company 
with modem laboratories and 
an extensive sales force in 
various industries would wel* 
come the opportunity to con- 
sider new ideas, chemicals or 
raw materials, with the view 
of assisting in their develop- 
ment and commercialization. 

Address Box 9000, Scientific 
American, 24 West 40th St., 
New York City. 




CompMeHOME 

CourMf ap4 salf-ij 

books, silgntjy os^ 


ME-STUOY 

^J(-instructioa 

used Rsntod. 

Isold, «xoban«sd Allsobic«U. 
^Satisfaction auaraotood (^h 
Jpald foruBsdconrsss. Fullds- 
Itails A 84-pa(« llluslMtad bar- 
Isahi cauiogFra^ Writs now. 
NILtON COm aai to. WabMh Ava.. Oapl. fAli Chkmco. tU* 


The BinikiT Slide Bale 
•ouaU a 20 Inch itTAlfht 
tilde rule In preclalon. 
Hm O. CI, a, K, Log. LLl, 
LL2. LL3. LL4. Binary 
Qivea Trig functions to 
Add and Subtract Scales 
1 minute from 0 to 00 
denees The englne-dl« 
vlded scales are on white 
enameled metal. Perma- 
nently accurate Dia. IV 4 '. 
Large figures and gradua- 
tions eliminate eyestrain 
Exceptional value and 
Prloe with InstruoUons $6.00, cash or 
O.O.D Durable ease 80e extra. Circulars free. 
Tour money back if you are not entirely satisfied. 
Ollaofi Slide Rule Co., Stuart, Fla. 

8Ud€ RuU Makert tine§ tilS 



Experimental and Model Work 

Pine instrumenta and Fine Machinery 
Inventions Developed 
Special Toola, Dias, Gear Cutting, Etc. 

HENiY ZUHR, Inc., 117 lofoyetto St., N.Y. 13, N.Y. 



INVENTORS 

Free Patent Guide r. 


rpilOTBOT YOUR INVENTION 

WITH A U. S. PATENT 

Take first step to protect 701 
rights to your Invsntlon— without 
cost Mall coupon today for Free 
“Record of Invention” form and complote instructions 
for making legal disclosure of Invention and 
ectabliahlng date We also send 41 page free Book, 
“Patent Guide for the Inventor" telling Importance 
of prompt action ; how to sell and market your 
invention; how to mako Application for Patent, 
examples of Successful Inventions Also details 
of how a Patent protects you, our reasonable 
charses for preparing applications Including official 
drawings and technical specifications, confidential 
search service to be reasonably certain Invention 
is patentable: prompt service, strict secrecy; plan 
for you to pay in small payments as application 

f rogresses, other facts you want to know about 
atent Protection Mall coupon for Free “Patent 
k “Guide” and “Record of Invention” form today, i 


CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 



Patent Guide” 


I Please send me your 48-page 

and your specially prepared “Record of In von* 

I tlon’^ form FREE. This regueet decs not obli< 
gate me. 


j Name 

I Addreee 

I Olty . State 

(Please torfte or print plainly) 


Cairaat Ballatla 
B r i t I t 

Conducted by 

K. M. CANAVAN 

(The Editor will approclato it 
if you will mention Bciontilic 
American whoa writing for any 
of the publicotiona liatod below.) 

Blueprints for Faster, Better Produc- 
tion is a 16-page illustrated pamphlet 
which lists sizes and uses for various 
types of units made of abrasive cloth. 
Included are spiral -wound bands, 
points, cords, pencils, slotted disks, pads 
and cones, and so on. Behr-Manninp 
Corporation, Troy, New York. — Gratis. 

Penicilt.in is a pocket-size booklet con- 
taining abstracts of 81 papers on the 
subject published since 1929. Winthrop 
Chemical Company, Inc., 170 Vartck 
Street, New York 13, New York. — Gratis 
to interested scientists. 

Handbook for the Welding and Cut- 
ting Operator is a 20-page pocket 
size booklet which instructs users of the 
oxy- acetylene process in methods for 
prolonging the life of their equipment. 
Short, pertinent suggestions are illus- 
trated with explanatory drawings. The 
International Acetylene Association, 30 
East 42nd Street, New York, New York. 
— Gratia. 

Music and Manpower is a 16-page 
pamphlet outlining the effectiveness 
of music in terms of mass production 
with minimum man-hours. Operadio 
Manufacturing Company, St. Charles, 
Illinois. — Gratis. 

Whiting Products for Industry is a 24- 
page illustrated book giving con- 
densed facts on a line of cranes, rail- 
road and aviation equipment, cupolas 
and foundry equipment, evaporators 
and filters, and so on. Whiting Corpo- 
ration, Harvey, Illinois. — Gratis. 

Dust and Fume Control Equipment 
is a 42-page plastic-bound, fully il- 
lustrated bulletin which describes typi- 
cal installations of all kinds of equip- 
ment for dust and fume control, includ- 
ing spray booths, mechanical washers, 
industrial ovens, and sheet metal equip- 
ment and accessories. A series of tabu- 
lations presents pertinent and useful en- 
gineering data, Schmieg Industries, Pi- 
quette at Brush, Detroit, Michigan . — 
Gratis. 

Many Problems Involved in Thread 
Grinding Art is a four-page folder 
presenting an informal discussion on 
these problems Euid on the selection of 
grinding wheels for specific jobs. Mack- 
lin Company, 42 Lawrence Boulevard, 
Jackson, Michigan. — Gratis. 

Elementary Electricity for Radio 
Students, by W. E. Flood, M.A., is a 
64-page pocket-size booklet written in 
England but published In the United 
States, which offers a sound background 
of basic facts which will aid students 


and others in understanding the prin- 
ciples of radio operation. Problems are 
offered to afford practice on the work 
described. Longmans, Green and Com- 
pany, Inc., 55 Fifth Avenue, New York, 
New York.— 40 cents. 

Identification or Constituents of 
Aluminum Alloys, Technical Paper 
No. 7, by F*. Keller and G. W. Wilcox, 
describes the steps necessary for such 
identification. These steps include 
preparation, polishing, etching pro- 
cedure, and so on. A number of photo- 
micrographs illustrate the text. Alumi- 
num Company of America, Pittsburgh, 
Pennsylvania. — Gratis. 

Punching & Notching Equipment is an 
eight-page illustrated folder describ- 
ing the design features of extremely 
flexible equipment for a number of in- 
dustrial applications. Wales-Strippit 
Corporation, 345 Payne Avenue, North 
Tonawanda, New York. — Gratis. 

Eberbach Micro Hardness Tester is a 
10-page illustrated pamphlet which 
describes a precision instrument for 
the purpose, as well as accessories, and 
gives directions for accomplishing this 
type of work. Eberbach and Son Com- 
pany, Ann Arbor, Michigan. — Gratis. 

Successful Radio Repairing With 
Available Substitute Parts is a 
pocket-size booklet designed for radio 
technicians who must cope with the 
changes which the war has forced upon 
their operations. Supreme Publications, 
328 South Jefferson Street, Chicago, Il- 
linois. — 25 cents. 

Lindberg Furnaces is an eight-page 
illustrated bulletin describing units 
for heat treating the non-ferrous metals 
such as aluminum and magnesium. 
These units feature temperature uni- 
formity and control accuracy. Lindberg 
Engineering Company, 2450 West Hub- 
bard Street, Chicago, Illinois. — Gratis. 

Safety Treads is an eight-page illus- 
trated pamphlet which describes 
various types of treads for use on ship 
ladders and decks, as floor plates, on 
thresholds, and so on. All are designed 
toward promoting safety in industry. 
Wooster Products Inc., Wooster, Ohio . — 
Gratis. 

Flat Spray Nozzles is a six-page folder 
describing a new spray nozzle which 
has various uses ranging from cooling 
fruit in packing plants or cleaning 
trolley busses to washing logs in lum- 
ber mills or descaling sheets and plates 
in steel mills. The nozzle itself is a non- 
clogging device which projects a high 
velocity spray. Chain Belt Company, 
1600 West Bruce Street, Milwaukee, 
W isconsin. — Gratis. 

Hard-facing With Coast Metals is a 
12-page illustrated pamphlet which 
presents a description of this effective 
maintenance method, together with a 
tabulation of hard-facing welding rods, 
typical applications, and specific ex- 
amples. Coast Metals, Inc., 1232 Camden 
Avenue, S.W., Canton, Ohio, — Gratis. 


230 


SCIENTIFIC AMERICAN • NOVEMBER 1943 




★ ★ ★ lUY WAR RONDS ★ A ★ 


Previews of the Industrial Horizon 


(Continued from page 195) 


electricity, Mr. Hibben points out that 
such developments will call for more 
adequate home and industrial wiring, a 
field in which little progress has been 
made in the past 30 years. Here, then, 
is food for thought for those directly 
interested in the electrical industry. 


PBSSSED METALS 

Some of the present industrial uses of 
the science of pressing metals into var- 
ious shapes are dealt with in the ar- 
ticle starting on page 208. From these 
will be gained a comprehensive view of 
the possibilities of replacing expensive 
and time-consuming forging and cast- 
ing operations in many fields. A sur- 
vey of such operations in any plant will 
undoubtedly reveal applications of 
pressing techniques that will speed up 
production, result in materials savings, 
make a better product, or produce a 
combination of some of these desirable 
ends. 


COTTON 

King cotton has ruled the South for 
generations, alternately reigning with 
arrogance from on high and crying for 
help from the depths. Now, it appears, 
something more than sporadic attempts 
to solve cotton’s problems is going to be 
done. Rayon and other fibers are cut- 
ting deeply into cotton’s tire-cord mon- 
opoly and are threatening other strong - 
holds. 

Science, however, is starting to alter 
the situation on a continuing basis. De- 
signs for cotton goods are being de- 
veloped in a variety of forms; chemical 
treatments are being worked out to 
change the feel, the appearance, and the 
quality of cotton fabrics; cotton is be- 
ing made water-proof, rot-proof, fire- 
proof, and spot-proof; agricultural ex- 
perts are developing plants which will 
produce better grades of the fiber in 
larger quantities. Things are being done 
that may go far to restore the King to 
his throne. 


ONLT ETES CAN SEE 

One of the crying needs of industry is 
for increased safety in plants, and in 
no one phase of safety is this need 
greater ^an in the protection of eye- 
sight. Some plants, of course, accord- 
ing to surveys reported by the Better 
Vision Institute, are carrying on edu- 
cational programs in respect to vision, 
but in many factories there is a wanton 
disregard of the importance of vision. 

There is no satisfactory substitute 
for human eyesight (phototubes to the 
contrary, notwithstanding). Production 
speed is reduced, materials are wasted, 
health is impaired when vision is neg- 
lected. These factors will be just as im- 
portant in the future as they are today 
and certainly merit intelligent and con- 


tinuing attention. An industrial eye- 
sight program should not stop with such 
elementary safety precautions as com- 
pulsory use of goggles but should in- 
clude measures to prevent premature 
dimming of vision from causes from 
within as well as from outside the body. 


COMBINED SCIENCES 

i«A 

WPTi-ONics” is a word coined by Bell 
and Howell to designate some of the as- 
yet secret work which they are doing 
and which involves a combination of 
the science of electronics and optics. 
Understanding of the basics can be had 
from television, where the electronics 
engineer provides the image on the face 
of a cathode-ray tube and the optical 
engineer devises means of enlarging the 
image to usable size. 

Stressing war-imposed secrecy, the 
company says: “Some of the things we 
have learned in Opti-onics are almost 
startling in their implications and in the 
future developments made possible. 


BETTEB CONCBETE 

Outstanding point of the article on 
concrete ships (page 205) , although per- 
haps somewhat subdued in the overall 
discussion of the subject, is the fact 
that new knowledge is being obtained 
about an old structural material. 

No longer is concrete merely cement, 
sand, and aggregate mixed with water 
and used. Studies of the combination 
have revealed new materials, new mix- 
ing techniques, new methods of putting 
improved concrete into place. The con- 
crete ships described are going to be 
more than means of water transporta- 
tion; they represent accumulated re- 
search which will make itself felt in 
other engineering fields where concrete 
is used. Nor is this all: The newer ma- 
terials, proved at sea, will undoubtedly 
suggest applications for concrete where 
none existed before. 


BETTEB WATCNES LATEB 

M ASS production of chronometers 
through the exercise of Yankee ingen- 
uity is turning out large numbers of 
fine instruments which meet the high 
standards and severe tests imposed by 
the Navy, From this mechanization of 
a former manual art will come finer 
time-pieces in post-war days. 


NON BEFLECTING GLASS 

Development for military uses of glass 
with non- reflecting surfaces, by Amer- 
ican Optical and RCA, can be applied, 
with desirable results, to post-war man- 
ufacture of windshields sans dangerous 
reflections, less conspicuous spectacle 
lenses, more easily read instruments, 
faster camera lenses, shop windows free 
from reflections, more efficient micro- 
scopes and other light-transmitting in- 
struments, and so on. 



Speed and precision in making 
fighting equipment here at 
home * . . speed and precision making 
repairs at the fighting fronts . . . 
that s the role of Atlas Lathes in the 
victory program. They’re proving 
their rugged strength and dependa- 
bility in the toughest 
test of all time! Atlas 
Press Co., I ISSN. Pitcher 
St., Kalamazoo, Mich. 
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EYESIGHT ? 

Try the New PIKE 


Electric Reoder 

im 

A boon for elderlr 
people and others with 
poor eyesight. Wonder- 
ful for doctors, scien- 
tists and draftsmen. 

" ■ f 

Write for free Information 
and details of this new ln> 
rentlon that makes read- 
tna matter 3 times larger 
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EAM MONEY ro^mliTS 

• No previous training or 
talent necessary. Unique 
Stuart System teaches you, 
by mail, in 10 simple, easy- 
to-follow lessons, to make 
excellent charcoal and oil 
likenesses. Detailed guidance for your 
every step. Send for free book today. 
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Don’t let ShortoDOS 

Stop Your Experiments 

Tmi Oai STILL lat LOW DOST 

L E M S E S ^ 

Ntw . . . Fmgly Cround snd wkk Bdg&s 

Viry SUghih Chipp^dl 

PLUS FREE, Halofii FrajMt SHEETS 

Bot #101-8 *‘Our Advertising BpecUl" 

15 Lenses for II 60, Postpeld 
Por experimental Optics, magnifying . making Oalllean 
Telescopes, and for esany uses in photography suet 
as cop^g, ultra closeup shots, making telephoto 
lens, Kodachrome and Stereoscopic viewers, ground 
glass and enlarging focusing aids, etc 

Bet #105-8 *'The Oadgeteer’s Delight” 

35 Lenses for $5 00, Postpaid 
Contains all lenses In Set #101-8 plus at least K 
others of our more expensive lenses. 

Set #110-8 “The Experimenter’s Dream*' 

70 Lenses for $10 00, Postpaid 
Contains all the lenses In the above sets plus St 
othOrs that make this a “sensational buy/’ The 
variety of lenses In this set will enable you to 
conduct countless experiments, and build many optical 
gadgets Contains many of the hard-to-get short 
focal length lenses. All our lenses are neatly packed 
and marked for diameter and focal length 

Every person Interested in telescopes, optics, photog- 
raphy. etc., should have a set for present and 
future use. 

ORDER. TODAY-^W* no way of knowing 

how long our fuppty will lsii» 

SATISFACTION GUARANTEED 

Remember — Free Project sheets with Hints — 
Notes and Plans tor Lens Experiments come with 

pvmry 


Salvage Special! Achromatic Lenses! 
Diameter 05 mm. F.L 6 Vi Inches 

Only S3<» 

complete, 
pottpoid 


Come in combination, un^ 
cemented, with stick of 
Canadion Balsam Cement 


IDMUND SALVAGE CO. 

D*pt. 7, 41 WMt Climen Av,., Au^iiben, N. J. 


WRITTEN FOR 
AMATEURS — 
PROFESSIONALS USE 
THEM IN 

WAR PRODUCTION 

Scientific American’s two telescope 
books 

AMATEUR TELESCOPE 
MAKING and 
AMATEUR TELESCOPE 
MAKING — ADVANCED 

were prepared before the war, with* 
out the slightest thought of sale to 
professionals. Came the war. Hun- 
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased! Investigation 
of sales revealed that the new indus- 
tries were buying them by the hun- 
dreds 

Por their Officials 
For their Technical Staffs 
For their Workmen 
Why? 

Because the basics of precision pro- 
duction in optics are essentially the 
same for amateur and professional 
alike. Today the two books are in 
nearly every optical industry’s offices 
in the nation. They *’ratet” 

Amateur Telescope Making ^4.00 
postpaid, domestic; foreign ^5.35 
Amateur Telescope Making— Ad- 
vanced domestic; foreign ^3.35 

SCIENTIFIC AMERICAN 

24 Wist 4 dtli %U Ntw York 11 , N. Y. 


New Products 

r 


coa ixnu 

Foe safe handling of coils of strip a 
new lifter is readily adjustable for a 
wide range of coil sizes. It is particu- 
larly designed for handling coils in a 



Adiustoble for various coll slsee 


horizontal position without first raising 
the coil, as no part of the lifter is 
underneath the coil. This lifter, made 
by the Never-Slip Safety Clamp Com- 
pany, can be used on any crane or 
hoist and requires little head room. 

SPEED nr 

With the present trend toward more 
widespread use of rolled metal sections, 
an entirely new speed nut has been 
developed for more rapid assembly of 
conduit, piping, and wire harnesses in 
aircraft. This nut is made of special 



BdUed-soctloa speed nut 


aircraft spring steel with a zinc metal 
spray finish. It is designed to quickly 
snap around rolled sections or stringers 
and eliminates the need of drilling 
holes. As the screw in the speed nut, 
manufactured by Tinnerman Products 
Inc., is tightened, the two legs are 
forced inward to give a firm spring 
tension grip 

MDIDDE FGWDn 

Although available for war purposes 
only at the present time, a new form 
of Lucite has been developed for in- 
jection molding processes. It is claimed 


that the parts molded of this material, 
available in crystal clear or dyed form, 
will not soften appreciably or distort 
in temperatures up to 212 degrees, 
Fahrenheit. 

The material will also be available 
in granular form for compression mold- 
ing. 

CGMCIETE OlFIGYn 

A UQUiD material designed to be added 
in small quantities to a concrete mix is 
claimed to act to disperse cement par- 
ticles more universally and to improve 
the workability of the mix. Known as 
Santorized Trimix Liquid, this material 
reduces by 20 percent the amount of 
water required and is said to produce 
an increase in compressive strength in 
the resulting concrete. 

DEMAGIETOEB 

Tools and other metal parts may be 
either demagnetized or magnetized in 
the new unit illustrated in these col- 
umns, made by the Alofs Manufactur- 
ing Company. Drills and tools which 
would otherwise become dull through 
magnetization are simply passed 
through the core of the demagnetizer. 



For magnetizing or demagnotlzlng 


Metal parts to be plated may be 
demagnetized in the same manner, thus 
preventing the adherence of metal 
particles which may be detrimental to 
the finish. 

The same unit may be employed to 
magnetize tools such as screw i-ivers 
and wrenches, for use in difficult as- 
sembly jobs. 

REPLACEABLE INSERTS 

A NEW application of the Rosan Lock- 
ing System for threaded inserts and 
studs is designed for use in plastics or 
other molded materials which require 
fastening points. Like the standard 
Rosan threaded inserts and studs, it is 
locked in, but can be removed without 
injury to the material and replaced by 
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a standard locked-in threaded insert. 

On the standard insert or stud, there 
is a serrated collar. The Hos4n locking 
ring, which is serrated both inside and 
out, engages its inner teeth with the 
serrations on the collar while its outer 
teeth or splines broach their way into 
the parent material at the sides of the 
counter bore. The pressure of the sur- 
rounding material causes the ring to 
close in upon the collar enough to 
eliminate all tolerance and make a solid 
installation which is permanent. 

To remove the one-piece molded-in 
insert for replacement with the RosAn 
standard unit, the serrated locking head 
at the top of the insert is drilled until 
the drill passes into the thread relief. 
(See drawings.) This leaves the outer 
portion of the head in the form of a 
serrated ring. An “easy out** tool in- 
serted in the drill hole backs out the 
threaded portion of the insert. The 
remainder of the ring may be lifted 
out by hand. The procedure for re- 
moving the one-piece molded-in stud 
is the same except a hollow mill is 
used for drilling out the serrated lock- 
ing flange of the stud. The threads 
and serrations are left molded in the 
material so that standard units may be 
installed without further operations 

TOOL POST OSnOEB 

For internal, external, face, and 
taper grinding on lathe, shaper, planer, 
miller, or bench, a new small heavy- 
duty grinder grinds holes S^/z inches 



Heavy-duty grinder parti 


deep and produces commercially per- 
fect finishes. The quill adjustment of 
the imit provides the equivalent of 
two different length quills without the 
necessity for an ex^a quill because 
the motor may be shifted two inches 
on a slide bracket. The grinding quill 
is likewise adjustable. This feature 
also saves considerable set-up time on 
jobs that require different length quills. 
This tool-post grinder is made by 
Lempco Products, Inc 

COMTOU CONPmTOB 

The F. S. Optical Comparator is an 
instrument for quickly, simply, and 
accurately measuring and comparing 
intricate shapes for purposes of inspec- 
tion It is particularly adapted for 
inspection of parts from mass produc- 
tion, which are not easily checked with 
customary gages. The instrument em- 
ploys optical projection of the contour 
of the part to be measured or compared. 



Ports comparison 


The aspheric condenser system of the 
contour comparator — which operates in 
conjunction with a projection lens of 
special design— produces a sharp, mag- 
nified, undistorted image of the contour 
of the part being examined — free from 
disturbing color fringes, on a ground - 
glass screen, 9 by 15 inches. On the 
same screen is placed a sketch of the 
“standard** which has been drawn in 
the same scale of magnification on a 
transparent sheet A slight adjustment 
of the centering device will align this 
drawing with the contour of the pro- 
jected object and permit a detailed 
comparative examination. 

BESISTABT PADfT 

Developed to protect the surfaces of 
metal, wood, and concrete against the 
action of acids, alkalies, gasoline, and 
so on, a new paint has a resin base and 
is applied by brushing, spraying, or 
dipping. 

While this new paint, known as 
Ucilon. air dries to permit application 
of succeeding coats, it requires forced 
drying at a temperature of about 250 
degrees, Fahrenheit, to develop maxi- 
mum adherence and permanence 

PBOTOELECTBIC SNOEE NETEB 

Smoke in engine exhausts and flues 
can be readily detected and measured 
percentage-wise with a portable photo- 
electric meter recently* developed by 
the Photovolt Corporation. This new 
equipment consists of an 18 inch-tube 
and the meter itself with the necessary 
controls. 

In operation, clean air is first drawn 


MODEL STEAM MARINE ENGINE 



Our precision one>cyllnder Marine Engine Is a 
favorite with model makers who want the best 
In engineering design May be built with clutch 
or reverse gear Has oil and water pump with 
automatic return feed and operating valves. Not 
a toy but an engineered model operating at pres- 
sures comparable to the most modem marine 
construction Will drive boat hulls up to 48 
inches long Scale Vs" to one Inch. lUit* overall. 
6*,^* high, 4* wide Send $2 60 for eleven pages 
of scale drawings Including boiler layout and two 
actual photographs, or 2Sc for photograph show- 
ing two views including boiler Sets available of 
rough or seml-flnlahed castings. Also completed 
engines shop tested 

THE THOMPSON ENQINEERINO COMPANY 

Orond Rapids 2 , Michigan 

^ ' '■■M- samaggagB 

Profitable manufacturing and sales cooperation for 

YOUR post-war product 

OR INVENTION Looking for cooperation in post- 
war manufacture and marketing of metal or wood 
products that can be sold to sporting goods and 
hardware lobbers? Manufacturing and sales rights 
to such articles are sought by the largest manu- 
facturer-rated AAl — ofan important item sold 
through these channels Modern equipment and 
skilled personnel offer you ample production facili- 
ties. Well established contacts will speed .success of 
sound invention or new product. Write for inter- 
view or further information. Briefly describe your 
product in reply. p. Q BOX 1297 B. LANCASTER. PA. 
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STUDY AT HOME for 
Mail buccoM ind LARGER 
EARNINGS, ji rnrt expert la- 
•traction — over io8,ooo etudenta 
earolle^ LL.B. Degree iwirded. 
All text miteriil furaiahed. Eiay 
eerment plea. Send for FREE 
BOOK— *Xaw lad Executive 
Guidinoe''— NOWl 


AMIRICAN RXTfNSION SCHOOL OP UW 

Dt 35-SA. 8 East Huron St Chicago, III. 
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TENTS 

ANITRADi MAIKf 

SNOWACO. 

Reg, Patent Attorneys Since I87S 
1 430 Snow Bldg. Wathinglon 1* D. C. 


GIRL MAKES PARTS 



BENDbifco— Di-Aoro henaer bentt ii 
ohinnel, rod. tubing, wire, moulding, i 
stock, etc.. 2 sizes Capacity up to 
cold rolled steel bar 


NO DIES - NO DELAYS 

“Beat The Promise” on delivery this new way: Use The 
DX-ACRO System of ”Metal Duplicating Without Dies'* 
—and have parts finished before dies could hardly be 
started 

DI-ACRO Machines — Shear^Brakes. Benders — are 
precision -built BTANDARDlZSto units so designed you 
can readily convert them Into highly SPECIALIZED 
productive machines suited to your own particular 
needs. You may adjust, alter or remove any of the 
original contact surfaces, attach operating clamps, 
guides and gauges, or quickly set up your own forming 
surfaces or conversions Either right or left hand op- 
eration and mounting of each unit The result la a 
practically tmllmlted adaptability for a great variety 
of DIE-LESS DUPLICATING. 

Write for catalog 

“METAL DUPLICATING WITHOUT DIES". 

^APli^ 


//// /;. i:n 
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ESSEX MACHINE WORKS 

e»f. 1930 

NOW DOING WAR WORK 
SOLICITS CORRESPONDENCE 
REGARDING PURCHASE OF 
PATENTS OR ESTABLISHED 
LINES FOR POST-WAR 
PRODUCTION 

Essex Conneetlcut 



The Mone Deeimalizer 



Tbo DSOIliAlilZXR ihowa in a ftw ilmplc 
BanlpiilAtkmo Juot wh«r« to ploeo the deolmel 
point In the reenit of unf oompuUtlon involving 
•eterol elemente, port or oil of which may he 
doetmale— for example, in euoh a problem ae 
(i X .0432 X 74.1 X 3 . 8 ) (348 X .0093 X 38 ) 

the DBCIlfALIZER remove! that “decimal point 
heeard** Inherent In oomputatlona made with the 
elide rule or otherwise. 


Pocket sise; durable (stainless steel), 

Inflj smooth in action Furnished in leather 
ense, with complete directions for using. Pries 
82. postpaid: with extra, easily interchangeable 
scale which enables the Instrument to pmorm 
extended multiplication and division. 08 cents 
additicnaL Money baek If returned within 10 days. 

GEORGE H. BfORGE 

097— 28th Stiwot South Arlington, Tn. 



VEEDER-ROOT INC. 


S/iorf Cut Maf^ewaf/cs 

j^OMDINtP WITH 

PracHc^/ 


NEW 2.{n>l rcodmg coonel Now you can team 
the speedy. tunpUAed syetein of calculation used by 
drafWroen, cngtneen, accountants, “masttr minds" 
onthastaer Learn easy way to multiply 4 Agum 
fay 4 Agurea without using old fashioned muhipli- 
cation, add long columna of Agures this lightning 
abort cut method Leom horsepower, slide rule 
mkrorae t a r , logarithms, wood measure, poisles. etc , 
fltc Large Hluatratad volume complete with answers, 
Satisiaction or refund Amose 

i frialids with iiour magic like mental powers. 
C isgi l st! 8ils8i...sia M c aesssTOPAYt 


r 



SEISOS CO., 521 S. Wltaak, Dwt L-S08. CMeuo 

Please tend free deUila about "Short-Cut J 
SunpliAed ** No obligation. 


into the tube by means of a built-in 
fan, and the circuit is adjusted so that 
the meter reads 100 percent. Then the 
suspected air from the engine exhaust 
or boiler flue is drawn into the tube 
and another reading taken. The 
difference in the two readings indicates 
smoke density. Operation of this unit 
may be from a 50 or 60 cycle 110 volt 
A.c. line or from a six-volt storage 
battery. 

BEMDKB 

Accuracy to a tolerance of .001 of an 
inch in all duplicating work is guar- 
anteed in a new heavy-duty bending 
device recently announced by O’Neil- 
Irwin Manufacturing Company, makers 
of Di-Acro die-less duplicating equip- 
ment. This new model bender, Number 
Three, incorporates all the features of 



Duplicated bending occuracy guar- 
anteed to a tolerance of .001 inch 


the smaller models which have been 
used successfully for the past several 
years. It has, however, a considerably 
greater radius- forming capacity, han- 
dling up to one-half inch round cold 
rolled steel bar, formed cold to a one 
inch radius or larger For more duc- 
tible materials the capacity is propor- 
tionately greater 

WEAB mOlCATlOB 

T HE COLORING processes fo] metals 
known as Black Magic and reported 
previously in these columns, is finding 
new application on plug, ring, and 
other types of gages as a means of 
indicating surface wear Since the 
coloring penetrates to a depth of .0001 
inch, it does not change the dimensions 
of the gage, yet it shows up the bare 
metal in sharp contrast when the gagp 
wears beyond this amount. Scratches 
or nicks also show up vividly. The 
color is applied to gages by boiling in 
a special salt solution, followed by 
rinsing in cold water. The treatment 
is claimed to retard corrosion and 
stain of parts to which it is applied 

KLECTBO-ABALTSIS 

T HE NECESSITY for chenucal analysis of 
an unknown alloy steel is eliminated 
by a new thermal -electric unit which 
checks the unknown material against 
known samples for identification pur- 
poses. The basis of this test equipment, 
developed by the Dravo Corporation, 
is the phenomenon of thermo-elec- 
tricity, and depends upon the fact that 
a minute voltage is set up when two 
dissimilar conductors are in contact 


and have temperature differentials be- 
tween the other conductor junctions. 

In the Identometer test equipment, 
contact is set up by connecting the 
known and unknown steels to clamping 
terminals. A potentiometer reading 
may be taken. Lack of current flow 
indicates that the steels are of the same 
analysis while an indication of current 
shows that they are dissimilar. 

The test can be applied also to large 
quantities of unknown materials by 
means of extension conductors reach- 
ing from the instrument housing. The 
unit is designed for operation on a 
110 volt, 60 cycle a.c. power source 

CABBOLOT SCBAPEBS 

The worn-out file, once the stand-by 
of scraping departments in tool rooms 
of machine shops, seems to be becoming 
a war casualty. With the advent of the 
war and the stress of getting produc- 
tion out fast, commercial scrapers tipped 
with cemented carbide are taking its 
place for finishing both iron and steel 
castings. 

Prime reason for the development of 
this new tool was the need for accel- 
erating production of machine tools 
One of the bottle-necks in machine tool 
production was the necessity for care- 
fully hand-scraping the ways and slides 
to high degree of finish and accuracy 
Steel scrapers — mostly converted files 
— proved too slow. A few scrapes and 
they had to be sharpened again. The in- 
troduction of flame-hardening aggra- 
vated the problem since the hardened 
surface further decreased the life per 
grind of the steel scraper. Some steel 
surfaces with weld spots could not be 
scraped at all 

Independent tests carried out at the 
Batelle Institute at the instigation of 
one of the leading machine tool builders 
revealed that by tipping scrapers with 
Carboloy cemented carbide, the for- 
merly unscrapeable surfaces could be 
scraped with a longer life per grind 
than the previously most easily scraped 
materials. 

The new scrapers are being made with 
special steel handles, strong enough to 
withstand pressure without deflecting 
or bending. 
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A New Industrial Frontier 

By FRANKLIN P HUDDLE 

{ConUjiued from, page 213) 


through spontaneous acknowledgements 
made by the engineers they assist ” 

The anomaly presented by the most 
productive country in the world of 
manufactured goods, in the position of 
having ignored a significant and effi- 
cient aid to production, inspired in- 
vestigation. The resulting report clearly 
indicated the need for intensive work 
by this country to expand its available 
personnel of applied mathematicians. 

In response to this need Brown Uni- 
versity, in the summer of 1941, initiated 
what has become, for this country, a 
unique program of “Advanced Instruc- 
tion and Research in Mechanics and 
Allied Branches.” The work was ap- 
proved as a part of the Engineering, 
Science, and Management Defense 
Training program of the United States 
Office of Education. 

The program at Brown began with 
courses in elasticity, fluid dynamics, 
and partial differential equations. Even 
before Pearl Harbor the demand for 
mathematical technicians had sharp- 
ened so much that the emphasis of 
the school shifted from a long-range to 
a short-range point of view. Advanced 
students attacked problems relating 
specifically to war production and stu- 
dents completing course work were en- 
couraged to enter immediately into va- 
rious centers of war activity. Although 
the war has become the vital and im- 
mediate concern, at its conclusion the 
project must be returned to its origi- 
nal, long-range aim of developing ap- 
plied mathematicians to serve this 
country’s industry. 

The objective of the course, defined 
by an Evaluating Committee'* in a re- 
port, is “To increase the application of 
the analytical techniques of mathe- 
matics to practical problems, and in 
particular to problem.s of engineering 
and industry.” 

The course is designed first to adopt 
competent mathematicians to the wai 
program, second to prepare able men 
for teaching mathematics to prospective 
scientists and engineers, and third to 
initiate competent students into re- 
search in these fields. This program an- 
swers the particular recommendation 
of the Evaluating Committee “that a 
long-range but solid and sure attack 
can be made on the problem through 
an essentially educational effort, aimed 
at recruiting very high grade men and 
giving them thorough and deep train- 
ing for careers as teachers of applied 
mathematics.” 

For advanced students actual research 


4The Evaluating Committee appointed to weiph 
the merits and recommend direction of the Brown 
School of Applied Mathematics, consisted or 
Maraton Morse of the Institute for Advanced Btudv 
and at that time President of the American 
Mathematical Society; Men in J Kellv. Research 
Director. Bell Laboratories; Oeorae B Pearam 
pthvslclst and Dean of Columbia Oraduate School 
Theodore von Karman. Director of Aeronautical 
Laboratories. California Institute of TechnoloskV 
and Warren Wei^ver. Director for Natural Science 
Rockefeller Foundation. 


problems are submitted by aeronauti- 
cal and marine production authorities. 
By this means the student body is 
taught the technique of answering such 
problems of production, and at the same 
time the problems are solved. In addi- 
tion, the student body is expected, 
after receiving the training, to apply it 
as soon as possible. A partial list of the 
students indicates that they are meet- 
ing this obligation creditably. 

Seven students who have taken 
courses hold research posts at the David 
Taylor Model Basin; three have gone 
to the National Advisory Committee on 
Aeronautics at Langley Field; four are 
at the National Defense Research Com- 
mittee Radiation Laboratory at M.I.T.; 
one is doing N.D.R.C. work at the Cruft 
Electrical l^gineering Laboratories at 
Harvard, and another at Rockefeller 
Center; two more are attached to the 
Signal Corps Laboratories at Fort Mon- 
mouth, N. J.; two men are doing re- 
search in meteorology for the Army; 
four men are giving instruction in the 
Navy; two are doing sonics research 
and one ballistics research for the 
Navy; one is at the National Bureau 
of Standards; one is teaching mathe- 
matics at the Air Corps School at 
Chanute Field; three arc doing work for 
the government in ballistics and ord- 
nance; another nine hold industrial 
posts, three with Pratt and Whitney, 
two with Curtiss Wright, and one each 
with the U. S. Rubber Company, the 
American Can Company, and the 
Chrysler Corporation. This is only a 
partial list but the number is more sig- 
nificant when one remembers that only 
about 150 applied mathematicians were 
employed in American Industry in 
1939. 

Many of the faculty members at 
Brown were doing research or teaching 
in German technical schools when Hit- 
ler rose to power. For different reasons 
they found the Nazi regime unaccept- 
able. Several went to Turkey because 
the Turkish government was making an 
effort to stock its technical schools with 
German political refugee scholars. 

In a sense the cosmopolitan quality 
of the organization at Brown is a fine 
thing and illustrative of a develop- 
ment in contemporary history that most 
people would like to see pursued. How- 
ever, in another aspect the scant con- 
tributions made by our own citizens 
indicate a weakness that should be 
overcome. As a matter of pride we 
should increase our proficiency in this 
field so that American contributions 
will rank with European in the applica- 
tion of mathematical science to indus- 
try. And finally, if we are to do our 
part in the production of world-wide 
scientific knowledge we would be fool- 
ish to neglect a field in which rela- 
tively slight efforts are so dispropor- 
tionately rewarded. 
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^ Home-Study Course in 
SENDING ond RECEIVING 
RADIO CODE 

— with all necessary insiruc- 
lions and practice material 

Just Out— ^Arthur R, Nilsons 

RADIO CODE MANUAL 

Price, $2.60, postpaid 

A complete course in radio code — how 
to send and read it. Gives 20 lessons, 
beginning with simplest code characters 
and leading up to the handling of actual 
messages and press dispatches, weather 
reports, and distress messages. 
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Telescoptics 

A Monthly Deportment ior flie Amoteur Telescope Maker 

Conducted by ALBERT G. INGALLS 

EAlUr the SctoBtlflc AmerleMi books ‘*Ameiear Teleseopo Mokiiif** 
ond "Amoteur Tolotoopo Moklnf— Advanced" 


I N LETTERS^ and orally for years and 
years, readers of this department 
have been saying, sometimes strenuous- 
ly, that they doubted greatly that El- 
lison’s claim to be the originator of the 
auto-collimation test for objective 
lenses could be justified. Hb claim ap- 
pears in Chapter XI of his part of 
“Amateur Telescope Making,” where 
he says he “believes he was the first to 
devise, and he certainly was the first 
to publish,” a simple means for testing 
objective lenses — the familiar auto-col- 
limation test. 

Your scribe did not, however; pursue 
the question to a finish before Ellison 
died. A letter from a reader who ques- 
tioned the claim was once sent to him 
and in his reply, now lost or misplaced, 
he said he now claimed only inde- 
pendent discovery. He was asked 
whether the text of “A.T.M.” should 
not therefore be altered (he was always 
most jealous of alterations to that text) 
but did not allude to this question 
when he next wrote; hence nothing 
was done at the time. 

In 1928, when it was first decided to 
include his chapters on the objective 
lens in “A.T.M.” (second edition), and 


he was asked if this was satisfactory 
to him, he sent us a full typescript of 
these chapters, with a few small altera- 
tions. But he did not, while so doing, 
alter his claim to the discovery and 
original publication of the auto-collima- 
tion test. 

In December, 1936, he died. 

Some time later, while browsing 
through old files of English Mechanics, 
a communication from Ellison was 
found (April 4, 1924, page 166) in 
which he had even then, in Britain, al- 
tered his claim to “independent discov- 



Flgure 2: The famous Clorks 


ery.” Had he changed his mind in the 
meantime? 

In September, 1937, after Ellison had 
died, W. H. Newman, Ditchling, Sussex, 
England, provided the governing data. 
While browsing through old files of 
Engineering (London) for 1888 he had 
come across an abstract of an article 
about the celebrated Clarks of Cam- 
bridge, Massachusetts, in which the 
auto-collimation test was described, 
and that abstract was from an article in 
Scientific American! No date was given, 
and for some reason Newman’s letter 
found its way into your scribe’s arch- 
ives without the article being hunted 
up in Scientific American back files. 

Recently, the Newman letter was en- 
countered, a search was made and the 
article found in Scientific American 



Figure 3: Clark machine 


Sept. 24, 1887. (Why, you ask, didn’t 
your scribe remember it? Because, 
while he was then on the way, he was 
not yet born.) A part of that article 
is reproduced in Figure 1. Matter per- 
taining to tests begins in column 3 of 
that figure, which should be read before 
proceeding. 
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fSEPTIiMnKR 24, 1887. 


THE ALVAH CLARK ESTAlLIlHMEirT 1 

Ttie liuiiir niul workshop of ilie sonb of (hr world fa- 
mous Aivuii Clurk Mituiittid 111 Cauii)ndK<‘port Just in 
thv rnviroiotof J)o»(un, Ma«s tliecitv by Hi** 

Caaibridfie road, croMiiiiif the watertj of the Churle« 
Rlur nod turnmif to the left before the UnivetiiKy of 
Harvaid npiiearN, the place ittBuon reachctl It is eaAily 
recognized by a telesco|H) lube raised on a iiigh pier 
that t<>aer» above tlie surrounding objects A piece 
of iriuund of about nri acre in extent contains the 
ImildInuN In trout are three dwelling houAcit, the 
homes of t.eorge B Clark of iiih brother Alvan 
. and of the widow of Alvan Clark, the father 
The grounds me very piettlly kept as a luxuuant 
lawn with Hoaer bods and pathb In the rear oC 
the residences is 
a lefty and now 
<l<sut»ed obnerva. 
lory, the great 
rusty tvlcAOoiie 
tube already ul 
luded to, nn<l a 
loir brick build* 
in^ The hitter, 
as unprt'leutloua — ^ 

as a Btr uct u re 
well cun bt>, itt the 
factory Inttthe 
great Pultowa, 

Washington, and 
Lick object I vt*» 
were made The 
least liuugiriativi' 
visitor cannot but 
feel a si^iue* of In X 

bptration a a h e ™ 

treads the truly 
cluseic sfKil that 
b.ie futnislied as- 

ti'onoiny with its most eCBcient weapons. The story 
of the foundation of the bUBineas has already been 
briefly told in the s^tch of Uie^Ufe of Alvan Clnrj^ 


with water and with a cast iron sand The latter Is 
iniulu by flowing uir into luelled iron This blast 
drives out a cloud of niniulu vein les of tiielal, t^iat me 
chiltcd initaiill) l*> tbciiir This luutfiia) is very lini* 
and IH rust colored On iieutin»»nl wnb hydroidilonc 
acid, hydrogen ih evolvid, iliu>» piovmg ihe preM'nce 
of the metal It iMiMd pniicipullv Ity granite jwlihhers, 
and has been Hdo|ited by the Choks for their work 
The lens is prosed u|»on the lupidly rotating lap, be- 
ing held to one sale <»f the center and slowly moved about 
to insure regular g. biding Were it held motioiileHS, the 
part over tlie centei of the lap would not b«‘ eut, and a 
prominence would soon be ere.ited there The Iron 
sand is the only cutting agent It |*o8h?ssps a great 
advantage over emery, In not breaking down " Tbe 



SEz: 


TESTING VISUAL OBJECTIVES. 

grains, owing to their nietaillo nature, are very tough, 
and poosess great cutting {iqRMi^^n this 
faces of the lens ar< 


tool follows an endleBB variety of paths, never repeat* 
ingilKpouise ovei the face of the lens The driving 
gear m seen iindci the bench, and the face of the pitch 
luced lap divnird by grooves iutusquaies is also shown 
Rouge and waiei i<t the polishing agent 
The Ions thus sliii|)ed and |>ohshed has next to be 
tested Two met I kxIh are used for this work In one 
a prism is mounted in a tiilie attached to a lani|» chim- 
ney of metal A flame is maintained within the 
chimiiev This prism is so screened as to furnish a 
minute source of light reflected outward The lens to 
be tested Is held in a generally voiticul plane Directly 
back of It a plane mirror, silvered on its anterior face, 
is placed The lump and prism are so placed that Ihe 
I beam of lays from the prism falls upon the face of the 
lens, passing 
througli it and 
returning again 
after reflection 
fioui the minor, 
the prism oci upy 
irig about the fo 
cal jKwIlion. The 
eye of the observ* 
er IS held as near 
the back of the 
prism as posHible 
The lens then np 
pears brightly II 
luminatod, be* 
cause the eye so 
nearly coincides 
in position with 
the focus Tbe 
work is done In a 
darkroom If the 
lens Is perfect, the 
field Is of unifonu 
brightness, pre- 
senting, however, the prismatic colors of the spec- 
Jl*pi.**wa(^4rcus. If the siuiUies^ 




Flgiuw li Th* original pubUcerttoa oi Ih* onto-colllmgllon toil 
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The following is the continuation of 
the text reproduced in Figure 1: **If 
the smallest irregularity exists, it ap- 
pears as a spot or ring or other area on 
the glass. 

“In the other method, which is shown 
in the illustration, the source of light 
is a minute bead or convex surface 
of glass, carried in the center of a sight- 
ing tube, about six inches long. The 
light from a lamp is received on this 
and dispersed. All is arranged otherwise 
as before. The pencil of light from this 
source, representing almost a mathe- 
matical point, is received and trans- 
mitted by the lens as before, is reflected 
from the mirror, and again transmitted. 

“In these methods the rays of light 
pass twice through the lens, so that a 
doubling of the effect due to a misshape 
is obtained. The Clark process, there- 
fore, is of twice the delicacy of the 
older methods.” 

So this is where you end when you 
start tracing the auto-collimation test 
— at the Clarks, who obviously made it 
public as long ago as 1887, through 
Scientific American. 

It seems probable that Ellison him- 
self never was certain about the mat- 
ter. He lived far from any large library 
where he could have run the question 
down, and probably had to depend 
largely on oral advices and loose sup- 
positions put forth by others. 

The same article, written obviously 
by some visiting member of Scientific 
American’s staff but anonymously, as 
was the editorial custom of the time, 
indicates that the 36’’ objective lens for 
Lick has just been finished by the 
Clarks and it contains a wood -cut (Fig- 
ure 2) which is also reproduced be- 
cause, while the name of the famous 
Clarks is everywhere mentioned in 
optical literature, the men themselves 
have become vague and shadowy — 
their pictures seldom seen. Alvan 
Clark, the father (central figure), had 
died only a month before, in August, 
1887. Alvan G. and George B. Clark 
were the sons. 

^ m 

T yros are urged in “A.T.M.” to make 
their first mirror about //8, this being a 
sort of compromise between a number 
of partly conflicting considerations, but 
when making a second mirror it is not 
inadvisable to depart from this, either 
as a venture or for a specific purpose. 
For planetary work many prefer some- 


Flgwe 4i Whit# of “Wymof” 


To an amateur telescope maker, an 
outline of the elder Alvan’s career, 
from Scientific American, September 3, 
1887, should be much to the point. Son 
of a farmer, he was artistic and for 
nine years worked as an engraver for 
calico printers, and then as a portrait 
painter for 11 more years. At this time, 
Alvan G. Clark, his son, was studying 
engineering at Andover and became 
absorbed in telescopes. The father be- 
gan studying astronomy and mechanics, 
in order to instruct the son. Together 
they made a reflecting telescope. En- 
couraged by a Harvard professor, they 
next tried objective lenses and made 
out so well ^at they devoted them- 
selves thereafter to making telescopes. 
Their reputation grew, reached Eng- 
land, and Dawes — the Dawes of “Dawes 
limit”-— ordered a telescope in 1853. It 
did such fine work that many foreign 
orders for similar objectives were 
soon received. By 1860 the Clarks had 
tackled an 18", then the largest ob- 
jective in the world. 

Larger and larger objectives were 
made in later years as the firm became 
more and more famous — leading up to 
the Lick and Yerkes lenses. 

The story of the Clarks is told in 
much greater detail in G. Edward 
Pendray’s “Men, Mirrors, and Stars.” 
George B. Clark died in 1891, and the 
other son, Alvan G. Clark, in 1897. The 
Clark tradition then passed on to the 
Lundins. 

Figure 3 is from a wood cut in the 
Scientific American article referred to 
above, where it was published with the 
following caption: “Machine used in 
polishing the Lick objective.” 

This mention of Lick makes your 
scribe’s face blush to a deep long-win- 
ter-underwear red, for in the Septem- 
ber number he stated that the donor 
Yerkes was buried in a crypt under the 
pedestal of the 40" refractor at Yerkes. 
It turns out that it was Lick who was 
thus buried, and at Lick Observatory 
beneath the 36" refractor There, darn 
it, goes a good story. 

9 



Figure 5i White's motor drive 


thing like f/lO or //12, which gives a 
larger image. E. White, Box 1, Ymir, 
B.C., Canada, has just made an 
f/12 (Figure 4) and says that “its per- 
formance is very good, both optically 
and physically. I designed it,” he con- 
tinues, “for observing lunar and plane- 
tary detail but it performs admirably on 
stars as well. 

“The equatorial mounting (Figure 5) 
is motor driven by a train of gears made 
as per the instructions on bobbing 
(‘A.T.MA.’ page 365) with a tap ” 
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W hen the old gentleman pictured above 
was a young man, he purchased this 
Longincs hunting-case watch in Ottawa, 
in 1867, the year Canada became a Domin- 
ion q Recently, it came to our Canadian 
office with a routine request for cleaning. 
After seventy-five years of service with 
three members of the same family, it was 
in remarkably good condition. The grand- 
son who sent It wrote, "He used to hold 
the watch to my car so that I might hear it 
tick. It impressed me considerably as some- 
thing human.” 9 It can be observed that 
we keep only friends wc can trust. The ex- 
perience of this “first citizen” of Canada is 
eloquent tribute to the faithful timekeeping 
of Longincs watches over the years. 

*B(iscd on (locumcnrs in our files 


Longwes-Wittnauir Watch Co,, Inc. y New York, 
Montreal, Geneva; aho makers of the Wtttnauer 
WatJj, a cowpiWton product of unusual mertt. 
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A message for you... from 1953 


(Today^ John Jones is just an 
average American^ wrestling 
with all the doubts and worries 
and problems that beset every 
one of us right now. But lefs 
skip ahead 10 years. Lefs look 
at John Jones then — and listen 
to him . . .) 

“^OMETIMES I feel so good it 
^ almost scares me. 

“This house — I wouldn't swap 
a shingle oflF its roof for any other 
house on earth. This little valley, 
with the pond down in the hollow 
at the back, is the spot I like best 
in all the world. 

“And they're mine. I own 'em. 
Nobody can take ’em away from me. 

“I've got a little money coming 
in, regularly. Not much— but 
enough. And I tell you, when you 


can go to bed every night with 
nothing on your mind except the 
fun you’re going to have tomor- 
row— that's as near Heaven as a 
man gets on this earth ! 

“It wasn't always so. 

“Back in '43— that was our sec- 
ond year of war, when we were 
really getting into it— I needed 
cash. Taxes were tough, and then 
Ellen got sick. Like almost every- 
body else, I was buying War Bonds 
through the Payroll Plan— and I 
figured on cashing some of them 
in. But sick as she was, it was 
Ellen who talked me out of it. 

“ ‘Don't do it, John!’ she said. 
'Please don't! For the first time 
in our lives, we're really saving 
money. It’s wonderful to know 
that every single payday we have 
more money put aside! John, if 


we can only keep up this saving, 
think what it can mean! Maybe 
someday you won't have to work. 
Maybe we can own a home. And 
oh, how good it would feel to 
know that we need never worry 
about money when we're old!' 

“Well, even after she got better, 
I stayed away from the weekly 
poker game— quit dropping a little 
cash at the hot spots now and 
then— gave up some of the things 
a man feels he has a right to. We 
made clothes do— cut out fancy 
foods. We didn’t have as much 
fun for a while but we paid our 
taxes and the doctor and— we 
didn't touch the War Bonds. 

“Wedidn’t touch the War Bonds 
then, or any other time. And I 
know this: The world wouldn't be 
such a swell place today if we had !" 


The Treasury Department acknowledges with appre^ 
ciation the publication of this advertisement by 
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I Previews oi the Indnstriol Hoiizeo 


II16ITIIIM6 THE HOIIIIM 

F LUORESCENT lighting, just coming of age at the start of the 
war, has amply proved itself as an efficient method of il- 
liunination in factories and offices throughout the nation. 
But the surface of possibilities had barely been scratched 
when practical needs of the moment demanded rapid produc- 
tion for established uses, halting developments along avenues 
still to be explored. The basis of fluorescent lighting is found 
in tiny crystals (called phosphors) which, acted upon by 
invisible ultra-violet rays, ^ve rise to visible light of 
controllable color and intensity. 

A glimpse of the future of phosphors in varied lighting 
uses is given by a chemico-physicist of RCA Laboratories 
in the following statement: “Phosphor crystals will display 
news and entertainment on the screens of our television sets 
which may be tuned by the light from phosphors in 'Magic 
Eye’ tuning indicators. Kindred phosphors in the screens of 
microscopes will aid in fathoming the mysteries of bacteria 
and molecules in order to insure a healthier and happier life 
for all. 

“Other possible uses for phosphors include intense light 
sources for sound recording and theater projection; indirect 
illumination wherein the very walls, ceilings, and murals 
luminesce to illuminate as well as decorate the room; lu- 
minescent plastics in thousands of forms to make night-time 
safer and more colorful; and phosphors emitting specific 
radiations for treatments of living tissues and organisms.” 


THE LOST IS rOHHD 

When main emphasis in technology is being placed on new 
processes, new developments, it is a bit startling to find an 
old method of accomplishing a given end being applied with 
outstanding success to modern precision work in industry. 
But that is just what has happened in the case of the lost-wax 
casting process described in detail on page 259. 

Much work in metals requires operations to close toler- 
ances. Such tolerances, of an order formerly attained only 
through precise machine operations, are now being met, in 
the case of small parts, by the use of modernized lost-wax 
casting methods. That these new versions will find increas- 
ingly wide application in small part production, giving rise 
to outstanding economies in materals, time, and machine 
tools, is a future possibility that is well-nigh assured. 


BACK TO PEACE 

As HAS been predicted in these pages in past issues, the ma- 
terial benefits of scientific and technological developments 
made possible by the progress accomplished under the forced 
draft of military production will eventually reach the general 
public. This, however, will not take place, by any means, in 
a matter of days, weeks, or, in most cases, even months. The 
first post-war industrial production problem will be to turn 
out goods to meet the needs of a war- restricted nation just 
as rapidly as possible. To accomplish this will mean resuming 
production of consumer goods about where it left off when 
industry went all out for war, and then gradually incorpo- 
rating those new designs, materials, methods, and so on that 
have accumulated in the vast reservoir of industrial “know- 
how.” 

Confirmation of these predictions is to be found in the 
attitudes toward the resumption of consumer goods manu- 
facture after the war which are held by two typical companies. 

Thus a spokesman for Westinghouse has stated that they 
plan to resume production of electrical appliances for the 
home within a few weeks after the war, but Aat no revolu- 
tionary changes in design are anticipated dviring at least the 
first year of peace. 

In the automobile field, General Motors assures us that they 
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will be able to start production on cars for civilian use within 
60 days after the war. These cars, however, will be essentially 
the same as those which were being manufactured when hos- 
tilities forced the industry to convert to full-time military 
production. Along with this assurance came a carefully 
worded prediction that, starting with a blank sheet of paper, 
it would take two years to design and place into production 
a complete new automobile. 


BITERSiriCATIOH 

A STRAW in the wind of post-war industrial planning is to 
be found in a recent announcement by a large manufacturer 
of a wide diversification of interests which will go into effect 
after the clouds of war have passed from the face of the sun 
of freedom. Thus, instead of concentrating largely in the 
radio field, the Crosley Corporation will expand its activities 
in the lines of home refrigerators and gas and electric ranges 
and will produce room coolers, frozen food cabinets, and tele- 
vision equipment. 

By this diversification it is expected that outstanding 
economies in distribution will be effected along with in- 
creased manufacturing efficiency. This is no case, however, of 
the shoemaker straying from his last. Rather it is an example 
worthy of emulation of a shoemaker who applies his skill to 
include boots as well. It will be noted that the Crosley plans 
include products in allied fields, where knowledge gained in 
one phase can be applied beneficially in another. 


NEBICAL NABTEL: CHEMICAL CHALLEH6E 

Sad, at times, are the results of premature and non-critical 
publicity given to developments of science before the devel- 
opments have reached a point where the promises stated or 
implied in the publicity can be met. A case in point is 
penicillin. Here, undoubtedly, is a medical marvel, but one 
that still must surmount the long, steep hill of extensive 
clinical research before its true nature and possibilities can 
be charted. Furthermore, and equally important, penicillin 
presents to the chemical industry a production challenge of 
a magnitude never before faced under the trying circum- 
stances of life-or-death demand. When the chemical industry 
has solved this tremendous riddle, detailed in the article on 
page 247, it will have added the brightest jewel of all to a 
crown already studded with brilliant gems past per- 
formances. 


TECRMBLOCT TCISUS PBLITICS 

When the very important and absorbingly interesting sub- 
ject of post-war competition between synthetic and natural 
rubbers is being considered, it must always be kept in mind 
that here is at least one field where the technologist may 
not reign supreme. No matter how good for how many pur- 
poses, or how inexpensive to produce, may be the synthetic 
rubber of the future, the politician is very likely to have the 
last word. Natural rubber, long a juicy plum for international 
politics, will, when trade is once more established with 
the Far East and when Latin American rubber plantations are 
more fully developed, be brought forcefully into the over-all 
picture. Exactly what is just over the rubber horizon cannot, 
of course, be foreseen as yet But that the synthetic rubber 
industry will have an all-out battle on its hands, with cam- 
paigns extending into the inner recesses of political intrigue, 
is as sure as death and taxes. 
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50 Yeors Ago in . . . 



(Condensed from Issues of November, 1893) 


WATER-POWER — “The Cataract Construction Company has 
recently awarded to the Westinghouse Electric and Manu- 
facturing Company the contract for building the immense 
generators, et cetera, for the . . . plant at the Falls. . . . The 
apparatus will be built in units of 5,000 horse power. . . . 
The weight of the shaft, turbine and armature is to be carried 
by the upward pressure of the water columns producing the 
heads for the turbines. The electro-motive force generated 
will be 2,000 to 2,400 volts, and will be increased by step-up 
transformers for long distance transmission and lowered by 
reducing transformers for distribution. The motors will be the 
two- phase Tesla motors, which have been found to be well 
adapted for power purposes.” 

LIFE-SAVING — “Our life-saving service is admirable in 
many respects. Its use of light surf boats in place of the heavy 
life boats used in England is characteristic. The English type 
could not be launched from our sand beaches. The same 
thing operates against the use of steam life boats. But where 
a coast is so notoriously unsafe as that bordering on the bay 
of New York, it would seem possible for the^ life-saving de- 
partment to maintain a steamer ready for instant call to the 
relief of a distressed vessel, anywhere from Montauk Point 
to Barnegat. It would also seem possible for more powerful 
line-throwing apparatus to be provided ” 

CARBORUNDUM —“From the experiences of the Carborun- 
dum Company, crystallized carbide of silicon can be produced 
at the rate of 150 pounds on the average in a day of 24 hours. 
The cost of the production is found to be not more than half 
as much as that of mining and preparing corundum. . . . The 
chief use to which Carborundum can be put is abrasion pur- 
poses. The extent to which emery wheels are employed in 
factories, mills, and shops has grown most astonishingly, and 
it is intended that Carborundum should in a large measure 
supplant the use of emery wheels, on account of its higher 
efficiency.” 

EXPLOSIVE — “Plastomenite is the name given to a new 
kind of smokeless powder invented by Herr W. Guttler. The 
solution is poured into forms, where it becomes a fairly hard 
substance, capable of being pressed, rolled, etc. . . . Plas- 
tomenite is used for blasting powder, powder for cannons 
and rifles, signal rockets, etc. . . . The initial velocity from 
a six and one-half millimeter caliber is 715 meters with a 
gas pressure of considerably below 3,000 atmospheres.” 

CAMERA — “A complete little photographic camera, an 
American invention, eclipses for compactness and novelty 
anything of the kind that has come under our notice. It re- 
sembles in outward appearance a nickel -plated watch, and 
is readily operated with one hand. The lens is rather minute 
and of fixed focus, but still makes a sharp, small picture 
which can be subsequently enlarged four or five diameters.” 

LIGHTING — “In endeavoring to improve the lighting of his 
shops at Bolton, Mr. B. A. Dobson naturally turned to elec- 
tricity. . . . When traveling on the Continent, Mr. Dobson 
visited some cotton mills, and here he found what seemed 
a very perfect system of illumination. Arc lamps were used, 
but they were placed in an inverted position to that which 
is usual, the negative carbon being above and the positive 
carbon below. This, of course, threw the greater part of 
the light rays upward, as most of the illuminating power 
proceeds from the crater of the positive carbon. The ceiling 
is kept well, whitewashed, so that the light thrown up is again 


reflected downward. The sides of the room are also white- 
washed, in order that a reflection may come from them. The 
result is that, without any definite source of illumination 
being observable, the whole room is flooded with a well- 
diffused light” 

GLASS — “We illustrate an improved glass-rolling ma- 
- chine, one presenting striking features of novelty and in- 
genuity. ... Its base, built up of plate girders, provides two 
parallel roller tracks on which ^e iron and steel bed for 



supporting the glass while being rolled traverses back and 
for^. . . . Duplicate beds on which the glass is rolled are 
provided, flat tables of metal, one of which only is in the 
traversing position at a time, the second bed being supported 
in the rear of the machine in an inverted position, some dis- 
tance above the traversing tracks. . . . The roller begins to 
turn, and the end pinions operating on the racks draw the 
bed and glass toward the rear of the machine under the 
roller, thus rolling out the molten mass into a plate. When 
the rear of the machine is reached, the roller is stopped; the 
upper bed is lowered on top of the hot glass, and the two 
beds are clamped together. They are then raised, the glass 
being held between them, and rotated. ... As soon as the 
horizontal position is reached, the beds are lowered again 
on the bearers; the upper one, on which the glass was rolled, 
is lifted, the roller is started in reverse motion and the plate 
is drawn back again beneath it, so that the glass is rolled 
upon the other side.” 

LIQUID AIR — “Professor Dewar has successfully conveyed 
a considerable quantity of liquid air from London to Cam- 
bridge. The liquid air was carried in one of the double glass, 
vacuum jacketed flasks, the space between the inner and 
outer flask containing nothing but extremely attenuate*d 
mercurial vapor, together with a little liquid mercury. On 
pouring liquid air into the inner flask its outer surface is 
rapidly covered with a mercurial film of extreme thinness, 
forming a reflecting surface highly impervious to radiant 
heat.” 

TELEGRAPHY — “The use of primary batteries in telegraph- 
ing has mostly passed away and the dynamo, with its greater 
steadiness of current and economy, is now employed. . . . 
In the Western Union Company’s Boston office the current is 
taken in a commutator on one side of the machine, and sent 
out from a commutator on the opposite side, the transforma- 
tion being effected by two different windings on the arma- 
ture.” 

METEOROLOGY — “One of the most interesting experiments 
with balloons that has ever been undertaken was that of 
Messrs. Hermite and Besancon, at Paris-Vaugirard. They 
succeeded in sending a balloon to the unprecedented ele- 
vation of 16,000 meters, or about 10 miles. There were no 
people in the balloon, but it carried a variety of self-register- 
ing instruments designed to record the temperature, the at- 
mospheric pressure, et cetera.” 
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PLEASE LIMIT YOUR CALL TO FIVE MINUTES 


en a Long Distance circuit is 
crowded the operator will say: “Please 
limit your call to five minutes.” 

Observing this time limit on essential 



•ELI TELEPHONE SYSTEM 




2 ‘ 



tlM dMplT wftakM mold PenieUlium noistum 


a national problem. Make 
no mistake, it is a grave 
problem. Penicillium no- 
tatum yielding the drug is 
one of the family of the 
common blue mold that 
grows on bread in the 
kitchen and that gives dis- 
tinctive flavor to blue 
cheese. However, the des- 
perate need for production 
of this drug fails to excite 
the mold. It pursues its 
moldy way without the 
slightest interest in its new 
task, and infinitesimal 
quantities of the drug are 
fidl that it will yield. Fur- 
thermore, the mold refuses 
to grow under conditions 
that vary even slightly from its own 
rather closely circumscribed needs. 

T he mold still must be grown in small 
batches in bottles. Milk bottles are 
preferred by some growers because 
they can be washed and sterilized by 
existing machines. Into each bottle is 
put the sterile, nutrient broth on which 
the mold will feed, and a tiny bit of the 
pure mold is added just before the neck 
of the bottle is closed with a loose 
pledglet of cotton. Then it begins to 
grow and for ten days it is kept in a 
room warmed to just the right tempera- 
ture. At the end of that period the sur- 
face of the liquid is covered by a deeply 
wrinkled greenish-gray layer of the 
mold itself. Occasional droplets of yel- 
low liquid dot its surface. The yellow 
droplets contain penicillin. So does the 
broth in the bottle. Painstaking labor is 
necessary to separate the drug and 
purify it. 

This is all quite complicated and, in 
terms of the chemical industry's idea 
of production, highly inefficient Efforts 


to devise a continuous process for grow- 
ing the mold to avoid the complications 
of small batches in bottles have so far 
proved unfruitful. They may yet be 
successful. 

No one would question that the drug 
is worth any amount of money, since it 
can perform miraculously. Consequent- 
ly, despite the fact that penicillin is 
estimated to cost some $18,000 per 
pound by present methods of produc- 
tion, plants to produce it are being built 
at a feverish rate. Even at that ex- 
travagant cost each dose of the drug 
costs only about $2, so great is its 
potency and so tiny the quantity re- 
quired for a dose. Obviously, produc- 
tion costs must be reduced, and indeed 
they will be when the nation’s output 
can be measured by hundredweights or 
tons instead of by ounces as it is 
today. But, for the time being, methods 
of manufacture now available must be 
used until improvements can be devised 
and put into operation. 

Chemical industry, and it is chemi- 
cal industry thdt must produce, prefers 


to find out the exact chemi- 
cal constitution ot the de- 
sired material and then 
make it without depending 
on or waiting for a mold 
to grow. But that won’t 
work yet with penicillin 
No one knows its chemical 
constitution. Indeed, no one 
has yet succeeded in puri- 
fying it to the point of be- 
ing sure whether it is one 
or several chemical com- 
pounds. So great has been 
the demand for it by mili- 
tary medicine, that not 
enough has been spared 
for these essential chemi- 
cal studies. But that 
coming. 

In the characteristic American tradi- 
tion of co-operation, the problems of 
penicillin are under attack by the most 
expert team that can be assembled. As 
this is being written 17 American 
chemical and pharmaceutical companies 
are focussing their production facilities 
and their research efforts on it as a 
major undertaking. New plants are 
being built and existing plants enlarged 
to insure the early availability of the 
drug. By the time these lines reach the 
printed stage these projects will be well 
under way and others may have beoi^ 
initiated. 

Some 200 firms are reported to have 
offered their services. Careful selection 
has narrowed the number to those best 
qualified for the undertaking. Signifi- 
cantly, the chosen firms represent all 
types of experience that can be ex- 
pected to be useful. Leading pharma- 
ceutical companies come first, since this 
is a type of manufacture and product 
that falls easily within their experience 
The handling of the mold is itself a 
special technique closely analogous to 


100«000«000 imlts oi pealdllla la welgldBg cmblels 


MMraring praldUlB p o t aa q r ky Oxford flag Mol 
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Courtesy Lederle Laboratories. Ine 
Th« charoci«rlitic mold pad which 
forms on culturo moditim soodod 
with spores of Penicillium noiatum. 
Droplets ol a liquid containing peni- 
cillin collect on the surioce and ac- 
cumulate in the sublacent broth. 
When a moximum amount of peni- 
cillin hos accumuioted« the broth is 
removed ond the penicillin is chemi- 
cally extracted by,o laborious process 


industrial fermentations. Thus pro- 
ducers of industrial and beverage alco- 
hol add another type of expertness. 
Finally, companies with wide experi- 
ence in synthetic chemistry through the 
production of synthetic drugs and dyes 
give the team still another point of view 
which may lead eventually to the syn- 
thesis of the potent compound. 

A production team with so varied an 
outlook gives promise that the prob- 
lems of providing ample quantities of 
the vital drug will be solved as quick- 
ly as possible. Close liaison between 
these production units, each with its 
own experienced research staff, and the 
several groups of scientists studying 
the problem, assures that no time will 
be lost and no field of investigation 
neglected in the race to this vital 
humanitarian goal. The whole effort 
IS coordinated by a federal director 
appointed by the War Production Board 
to avoid duplication of work and to 
make every discovered fact immediate- 
ly available to all. 

Thus the miracle of penicillin is well 
on the way to becoming commonplace 
ft is not commonplace yet. 

9 ^ * 


BEBWOOOS 
Titli CktaUcal 

law Natarials 

Redwoods^ the mighty giants of the for- 
ests of the Pacific Nortiiwest, are join- 
ing the chemurgic parade. Long used for 
lumber, these trees and the wastes from 
lumbering operations may become the 


source of many new products as a re- 
sult of research done by the western 
redwood companies and the Institute 
of Paper Chemistry at Appleton, Wis- 
consin. 

Redwood bark fiber is already being 
blended with other fibers for textile 
purposes and is also being used as an 
insulation material. To further utilize 
the tree wastes, an investigation has 
been carried out on the chemical com- 
position of redwood bark and has shown 
it to be composed of cellulose and lig- 
nin which is probably the same as in 
other wood. In addition, there are at 
least two other products which appear 
to be high molecular weight — phenolic 
acids and a form of pectin. Small 
amounts of two materials named cate- 
chal-type tannin and phlobophene are 
also present. These materials may be 
recovered and are expected to find 
many uses in the chemical and chemical 
specialties industries. 

One concrete result of the redwood 
research is the manufacture of a new, 
non-critical phenolic t 3 rpe thermoplastic 
for the production of items formerly 
manufactured from hard rubber and 
other thermosetting plastic compounds. 

IIBBEB PI06RESS 

Civilian Tires Will CtatUiat 
To bo Critically Souco 

Grumbling about shortages of tires and 
other rubber products for civilian use 
will continue but its end is dimly visi- 
ble as our synthetic rubber program 
develops. Reviewing progress, Col. 
Bradley Dewey, Rubber Director, stated 
recently to the American Chemical 
Society that actual production of syn- 
thetic rubber in the United States 
would exceed 30,000 tons a month in 
September and that all plants required 
by the program of 850,000 tons per year 
will be completed in 1943. 

Synthetic rubber has grown to be a 
three quarter of a billion dollar indus- 
try in a little over two years, Col. 
Dewey said, and “that would have been 
a miracle had it been achieved in 
peacetime in 15 years.” By the end of 
1944, he predicted, some 47 million tires 
would have been made available for es- 
sential civilian use — a little more than 
one and a half new tires per car over 
the period from Pearl Harbor through 
1944~and about a similar number of 
recaps. All of which indicates that 
civilian tires will continue critically 
scarce for some time to come. 

NACHME-TOOL rUBl ^ 

Itiacti ApplicatUa Tfait, 

IsifrtvM Iff earaaet 

A NEW “pebble” finish for machine- 
tool surfaces not only uses far less fin- 
ishing materials but can be applied in 
1/3 to 1/2 of the time required by usual 
methods, according to the Sherwin 
Williams Company. Called a “pebble” 
finish because of its physical appear- 
ance, this new method of protecting 
machine-tool surfaces solves the prob- 
lem of “dressing up” a machine surface 
without fillers, sanding, and numerous 
coats of sealing paint. WPB ofi'''ials. 



Courteijr the Sherwin Wllllame Company 
New ''pebble^ finish being applied 
to a Cincinnotti-Bicklord radiol drill 
In three operations Insteod ol the 
seven that were formerly required 

m an effort to boost tool output, have 
prohibited the use of fillers, sealers, 
and sinular finishing materials and re- 
stricted the number of coats of paint 
that could be applied. With the new 
method, however, it is now possible to 
finish a machine tool in three operations 
instead of seven formerly required. The 
“pebble” finish effectively hides the 
scratches, grinding scars, and other 
surface defects on castings. Application 
of “pebble” finishing is expect^ to help 
accelerate post-war planning for im- 
proved industrial finishes. 

HOm; A1B-C0MD1TI0MW6 
A Psit-War PstsibiUly With 
Btw Gas-Opsratfd Uait 

Post- WAR homes may be air condi- 
tioned by a new type of gas-fired re- 
frigeration unit operated in conjunction 
with a gas heating plant. One of the 
important requirements of refrigerating 
systems for this purpose is that they 
must employ no flammable or toxic 
agent to cause trouble in case of fire or 
accident. The new Servel system em- 
ploys the absorption principle, using 
water vapor under low pressure as the 
refrigerant and lithium bromide solu- 
tion as the absorbent. This avoids both 
fire and toxicity hazards. 

The refrigeration unit is built as an 
integral part of a system including the 
heating plant and the humidity control 
equipment. The whole operates auto- 
matically to hold both temperature and 
humidity at controlled levels. 

Refrigeration is effected by evapora- 
tion of water at low temperature and 
pressure, the vapor produced being 
absorbed by a strong solution of lithium 
bromide. After absorption, the water is 
boiled out of the solution, condensed to 
liquid by cooling with water from the 
main, and the cycle repeated. Evapora- 
tion of the water takes place in coils 
in contact with air which is thus cooled 
and dehumidified before being carried 
by ducts to the conditioned space. 

The unit is not yet available but is 
already completely planned for large 
and small dwellings to be produced 
when peace comes. 
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ERfimEUNS Conducted by EDWIN LAIRD CADY 


Industrial Temperature Centrol 


Nuy PncMSM Caa k« CurUd Ool Non Accunltly, Fulor. Mon Eifi- 
donlly, Wfcoa lauaodialo Tonponlans on Kopl WUhia a Pndolonaiaed 
Raafo. This Typo of Toaiporatan Coalrol. Oitoa Comlatod THlh GoMnI 
Plaat Alr-Coadilioaiag, is Boiap Adoptod By a Naaibor of f ariod ladastrios 


B ack in 1910, when the Pratt and 
Whitney Company, makers of fine 
tools and machines, arranged to keep 
their master gage room at exactly 70 
degrees, Fahrenheit, they little sus- 
pected that they were starting some- 
thing that would make possible the 
modem airplane, televisibn, synthetic 
rubber, high-octane gasoline, and 
dozens of things that are taken for 
granted today. There even was doubt 
that such close control was intended 
as more than a stunt, undertaken per- 
haps for its publicity value or to con- 
vince the European makers of fine tools 
that Americans intended to produce 
enough good tools to hold the import 
prices down. But temperature control 
for quality control proved to have 
thorough Yankee practicality and com- 
panies desiring to overcome the diffi- 
culties of extra fine production turned 
their eyes toward it. 

As one example, take lenses. German 
methods of making fine lenses were 
known here; we even had some of their 
machines. These machines embodied 
enough control mechanisms to make 
them almost infinitely adjustable; their 
flexibility and versatility was limited 
only by the sizes of materials which 
they could handle. It took a good man 
years to learn to get the most out of 


one of these flexible production units. 

The Minneapolis Honeywell Regulator 
Company studied these machines. Engi- 
neers found that the most complex 
adjustments were intended to serve 
just one purpose: To grind to true con- 
tours in spite of changes in the dimen- 
sions of the glass caused by changes of 
working temperatures. This problem, 
of course, could be licked, for Min- 
neapolis Honeywell knew how to con- 
trol temperatures. 

With the more complex adjustments 
eliminated, the less complex ones were 
divided into functions. Tliese functions 
ill turn were divided into operations, 
and simple machines were designed 
for each operation. 

In a short while Minneapolis Honey- 
well was turning out lenses in quanti- 
ties which Hitler had believed impos- 
sible, and at costs which will prevent 
good lenses from ever again being 
classed as jewelry. And far from need- 
ing years for man training, most of the 
production operations could be taught 


in just two weeks. But this American 
victory of 1942 dated back to what 
Pratt & Whitney had done in 1910. 
Control of the operating temperature 
of the process itself instead of trusting 
the workman to adjust his machine for 
process temperature changes. 

In entirely different industries, other 
lessons were being learned. A large 
printing plant was one of them. Seek- 
ing to do some extra fine lithographic 
work, this plant brought its entire press 
room and several tons of paper to con- 
stant temperature and held them with- 
in a few degrees for several days. At 
the end of the third day the huge 
masses of stacked paper and the presses 
were at the same temperature, and the 
job began to work as expected. 

But over in one comer, something 
totally unexpected went on. Here was a 
huge monster of a 45 year old Hoe 
cylinder press, used only on rare runs 
of extra large sheets. Everyone took it 
for granted that this rheumatic old 
timer would go haywire and have to be 
readjusted every ten minutes or so 
But when brought to constant tem- 
perature and held there for a day, the 
old press seemed to be rejuvenated — 
it started rolling off the work almost 
without interruption for hours at a 
time and generally behaving in ways 
that the oldest old timer in the shop 
could not remember having it equal in 
its youth. 

It was but a step from these experi- 
ences to the practices followed in cut- 
ting big turbine gears. The bobbing 
machines for these are in individual 
constant- temperature rooms. One gear 
may take as long as 17 days to cut, 
yet the work is so perfect that gears 
several feet in diameter will mate more 
nicely and work more smoothly than 
the parts of the finest pocket watches. 
Each constant-temperature room has 
its individual air-conditioning unit, 
with stand-by equipment always ready 
so that the failure of temperature-con- 
trol devices cannot ruin a gear worth 
thousands of dollars. 

Many of the largest shops have cen- 
tralized temperature-control systems, 
with huge re^igeration and steam gen- 
erating plants supplying the necessary 
cold or heat through nudns and branch 
piping. These systems have the ad- 
vantages of low operating costs and 
easiest maintenance, all the complex 



A lS0*toa molor-drivea refrigerator null lor ladustrlol oir coBdfttqfilag 
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This huqe bank of Inttrumonti controU Industrial process temperatures* integrates 
them with room and generol plant temperotures, and records the conditions 


equipment which needs extensive engi- 
neering knowledge and high mechanical 
skill being in comparatively small areas 
while the larger acreages of plant space 
are served by the equipment which 
plumbers and electricians can maintain. 
But there is a strong trend toward the 
decentralized plant which is zoned into 
areas, each of which is served by an 
individual temperature control set up. 
Thus the Douglas Aircraft plant in 
California has 26 units, each using the 
same set of its own pipes for distrib* 
uting cold water for cooling and hot 
water for heat. Such is the famous 
California climate that cooling may be 
necessary for the day shift and heating 
for the night. 

The new Dodge Chicago plant of the 
Chrysler Corporation has 81 air-con- 
ditioning units mounted on the roof to 



Unit heater which controls winter 
temperature within 40-foot radius 


serve 20 acres of floor space in only one 
section of the plant. Here steel, magne- 
sium, and aluminum parts must be as- 
sembled, and since these metals do not 
expand and contract at tlie same rates 
under changes of heat and cold, failure 
to machine them all at the same tem- 
peratures or to have them all at one 
temperature when assembling would 
make a mockery of the accurate pro- 
duction demanded of modern war goods. 

The Pratt and Whitney engine plant 
(United Aircraft Corporation) has 39 
separate systems for controlling tem- 
perature. Here an activated-carbon de- 
vice, which acts like a huge gas mask, 
is used to purify the air which is heated 
or cooled and to reduce the intake or 
‘‘make-up” of outside air to the amount 
needed to supply enough oxygen for 
breathing. Use of this device has re- 
duced by 80 percent the amount of out- 
side air taken into the plant. And since 
all outside air has to be either heated 
or cooled as well as cleaned before it 
can be used, the savings are plenty. 
Actually, by permitting the recircula- 
tion of some 381,000 cubic feet per min- 
ute of air, which otherwise would 
have to be vented to the outside and 
replaced, this device reduces by 800 tons 
of refrigerating capacity the size of 
equipment needed for plant cooling, and 
by ^,000,000 Btu per hour the neces- 
sary capacity of the plant heating 
equipment. Some 500,000 gallons of fuel 
oil per heating season are thus saved. 

While close control of plant tempera- 


tures has been helping modern machine 
shops to perform production miracles, 
a similar development has been going 
on in the “process industries.” The 
earliest DeLaVergne ice machines — 
outfits which are museum pieces now 
— went into breweries and into arti- 
ficial ice plants. Manufacturers of flam- 
mable and explosive products followed 
along. It was a milestone in tempera- 
ture control when the Ohio Match Com- 
pany cooled its factories and worked 
all summer instead of letting the fire 
hazard cause it to shut down in hot 
weather Rayon manufacture is so sen- 
sitive that it was made possible only 
by plant temperature control. And it 
was natural for milk and other food- 
handling plants to follow this trend. 

But in Newark, New Jersey, was a 
bakery which seemed able to turn out 
the grocery -store varieties of bread with 
less trouble than its competitors. Its 
methods were closely guarded; no visit- 
ing salesmen found out much about 
them and no trade-paper men wrote 
them up. Finally the secret leaked out. 
Rather than controlling only the tem- 
peratures inside the ovens and in the 
shortening and other heat-sensitive 
materials storage places, this company 
kept whole process rooms at constant 
temperatures. The bakers still had a 
thousand and one variables to worry 
about — flour and ybast never seem to 
behave twice alike, even at different 
hours of the same day — but the number 
of those process variables was re- 
duced drastically when the tempera- 
tures of all materials, all machines 
which did not employ heat, all air en- 
tering ovens, and the surfaces of all 
heat-using equipment, were always the 
same. Not only did this make the bak- 
ing more uniform, but the wrapping 
machines also behaved better. 

E xamples like this one made all sorts 
of process engineers think. They 
thought so thoroughly that when the 
problems of synthetic rubber came 


along, plant temperature control was 
the natural foun^tion upon which the 
solutions of many of them were built. 
In fact, so necessary was this that the 
industry could not have come into 
being without it. The necessary re- 
frigeration equipment did not exist— 
the processes are mostly heat exuding 
ones and plant cooling was more needed 
than plant heating. Large department 
stores, residences, industrial office 
buildings, and others gave up their 
comfort control equipment, sold it to the 
government at original cost less some 
5 percent per year for depreciation, and 
consented to get along without the in- 
creased personnel efficiency and the 
pleased customer profits it had been 
yielding, just so that this necessary war 
industry could get under way. 

It was fairly easy to get men to give 
up comfort conditioning in 1943, for 
“comfort” is a sissy word in war time. 
But comfort control is highly impor- 
tant in many types of factories, and for 
a reason which points up the necessity 
of plant temperature control for mod- 
ern production. 

Operators who handle many kinds 
of polished steel parts and nearly all 
kinds of accurately finished non-ferrous 
metal parts must not be allowed to 
perspire. If they do perspire, their 
fingers will excrete microscopic par- 
ticles of material which are called 
“seeds of corrosion.” The degree to 
which this happens varies with op- 
erators and with such factors as thenr 
diets and their health — it is generally* 
worse with women than with men and 
is worst during periods of menstruation. 
These seeds may develop into corrosion 
areas within a few days, or, if the partj^ 
are kept cool enough or otherwise- 
well enough protected, the areas may- 
take months to develop. This was bad 
enough in peace time when goods so- 
damaged were returned to their makers. 
But in war time it is not enough to be 
able to return a jammed cartridge or 
a faulty bomb sight for credit. The 
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operators thus have to be kept warm 
enough to work well but cool enough 
so that the perspiration will not occur 
and the see^ of corrosion will not be 
planted; in short, comfort conditioning 
for those operators must be nearly 
perfect. 

Machine operators, when first coming 
on duty, will be contributing about 7 
Btu per minute to the general plant 
heat. The conveyor belt or other pace- 
setting device before them will be mov- 
ing at its slowest. Then, as the workers 
warm up, the pace setter is stepped up 
also, until at the end of an hour or so 
it is at the gait which is to be main- 
tained for the shift. Regulated auto- 
matically by its thermostats, the tem- 
perature control equipment supplies 
more and more cooling or less and less 
heat Machine bearings warm up, elec- 
tric motors give off most heat as the 
loads upon them increase and build up 
their temperatures, furnaces and other 
heat- employing devices get warmer too, 
and the operators begin giving off up 
to 17 Btu per minute each, making the 
control of their perspiration just that 
much more difficult Still the tempera- 
ture control equipment keeps on regu- 
lating itself, so completely and easily 
that nobody notices that it is there. 

One plant which makes fine steel 
and non-ferrous parts but also has pro- 
cess rooms, tried the experiment of 
turning off its plant temperature con- 
trol equipment The experiment lasted 
half a day. In that time fine steel grind- 
ing machines went out of adjustment 
and spoiled unusual amounts of work; 
the oil being fed to the bearings of deli- 
cate machines changed in viscosity and 
the automatic variable speed controls 
on those machines functioned through 

HI MD WII 
Naay Mtw laks aai Otti 

Bsea Ftaad hj Bestarck 

More than any other fight m history, 
this is a war of printer’s ink. 

Inks which will print on metal and 
not wash off in water nor soak off in oil, 
are still military secrets, but more than 
one soldier, taking a military machine 
apart in the field and lamenting the 



Belleule primer replaces spiders 


wider ranges than ever before; the 
springs on instruments changed their 
elongations enough so that operators 
who trusted them made slight errors; 
personnel complained of odors from 
furnaces which they never had noticed 
before; and everything from metal parts 
assembly lines to package filling ma- 
chines and crews slowed down. 

Plant temperature control is now 
costing millions of dollars where ten 
years ago for exactly the same types 
of manufacturing processes it would not 
have cost thousands. But it is returning 
every cent of this, and with profits. 
Such refinements of the internal con- 
trol of processes as the use of poten- 
tiometers with whole banks of instru- 
ment panels in conjunction with 
thousands of robot valves to control 
the temperatures of miles of pipes and 
tanks in the making of high-octane 
gasoline; or the holding of cutting oils 
to constant temperatures so that high- 
ly accurate machine tools will not vary 
in temperatures at their work planes; 
or the feeding of controlled tempera- 
ture liquids to the forming dies of 
presses and the tips of spot welders— 
all might suggest ^at the temperatures 
at the working areas of those devices 
would be so well controlled that the 
ambient air temperatures would make 
little difference. But the exact reverse 
is the case. The finer the work plane 
control, the more likely is general plant 
temperature control to pay dividends 

The factory of the future will be a 
single unit, a single tool, completely 
coordinated to the service of its op- 
erators. And one of the integrating and 
unitizing elements in it will be the ul- 
tra refinement of general plant tem- 
perature control 

9 

loss of his repair manual, will find 
hints, diagrams, and even full instruc- 
tions right on the surfaces which he 
uncoveis as he removes the bolts. 

Other inks will stay on metals until 
washed off, but are especially made to 
wash off completely and easily. They 
are used to identify parts which might 
get mixed with others very much like 
themselves within factories, to warn of 
variations in materials or in sizes which 
must be compensated for along the as- 
sembly line, and to put template mark- 
ings on surfaces which are to be cut 
They are cleaned off afterwards, some- 
times to provide clean surfaces for plat- 
ing, rust proofing, or other finishing, 
sometimes to avoid giving information 
to the enemy if the parts are captured 

Luminous inks for night fighting were 
used only for watch dials in the last 
war; they serve now on all sorts of in- 
strument faces and other devices. 

Fluorescent inks, which will show up 
only in light waves invisible to the 
naked eye, are useful to military de- 
vices but like the luminous ones will 
serve post-victory industry in all sorts 
of places in which ordinary light either 
is damaging to the product or is difficult 
to apply. 

Perhaps the strangest development is 
the printing of fine ‘‘reticule’* lines on 
the lenses used in gun sights for war 


and in surveyors’ instruments in peace. 
Formerly spider webs were the only 
materials fine enough to be used for 
these reticules, but when not enough 
spiders could be found to fight this war 
a way of printing these lines was 
worked out. The printed lines are more 
uniform than the spider webs, and much 
easier to handle on the production line 
And this development of the printer’s 
craft will reduce the costs of thousands 
of tjrpes of industrial and other instru- 
ments during the oncoming peace. 

MAfiMlITIIB CLAISES 
Art riailaf Wldt Use la 
Naay hdasiriis 

Modifications of the ordinary magm- 
fying glass of powers that might be 
found on the desk of a stamp collector, 
have crept almost unnoticed into our 
war plants but are proving to be among 
the useful tools of industry. 

Some objects or points are easier to 
see with a lower power lens — say two or 
four magnifications — than with a higher, 
while higher magnifications are better 
with others. The same operator may 



Better teeing, reduced eye fatigue 


need lo view the same work through 
two or more different magnifications, 
or may need a selection for different 
items which must be viewed. In many 
cases the operator has lenses of vary- 
ing powers within convenient reach 

Uses of these glasses are as varied as 
the operations of all industry. 

Electrical products makers find them 
handy for girls who weld fine wires to- 
gether. Thd glasses eliminate eye strain, 
make positioning the wires faster and 
more accurate. 

Assembly lines employ magnifying 
glasses for making sure that small 
screws or other parts have not been 
dropped into assemblies which are 
about to be given running tests, for 
checking for pin holes and other de- 
fects, and the like. 

Textile mills, plastics makers, and 
even wood workers use them to check 
thread counts, surface finishest and the 
spilling or overflowing of cements 
which might interfere with finishing 
operations. 

Magnifying glasses of these tsrpes were 
rarities in pre-war factories, but will be 
commonplace in post-war ones. 
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Conducted by ALEXANDER KLEMIN 


I N TBB construction of airplanes and 
aircraft engines, there is constant 
striving to save weight without sacri- 
ficing safety. For a number of years, 
iduininum alloys, because of a com- 
bination of lightness and strength, have 
been considered pre-eminent in the 
Gilding of planes. Now the availability 
of the still lighter magnesium has 


brought a formidable challenge to alu- 
minum. 

Why this challenge? Because, while 
magnesium approaches within measur- 
able distance of the strength of alumi- 
num (45,000 pounds at reasonable elon- 
gation in some forms) and has a modu- 
lus of elasticity of 6,500,000 pounds per 
square inch, it is only two thirds as 
heavy as die next light^t metal used in 
aircraft, as the following table shows: 

Specific Weight 


Material 

Gravity 

Ibs/cu. ft. 

Water 

1 

62.5 

Magnesium Alloys 

1.8 

112.0 

Aluminum Alloys 

2.8 

175.0 

Steel 

7.9 

493.0 

Bronze 

8fi 

550.0 

Lead 

11.3 

706.0 


Thus the combination of high strength 
and light weight makes magnesium 
supremely interesting to the aircraft 
designer, as well as to designers in 
other fields of industry. 

The enormous growth in magnesium 
production began quite early in the 
present war. In January, 1941, before 
we entered the war, domestic produc- 
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A mognesium send costbig ol a type 
sttltcd^le lor Inlet piping, iunctions. 


tion was approximately four times as 
great as in January 1940. This enor- 
mous growth in production, mainly due 
to the increasing use of magnesium in 
aircraft, has been brought about in a 
large measure by the Dow Chemical 
Company and the American Magnesium 
Corporation. 

One of the technologists of Dow 


Chemical, John C. Mathes, points out 
that a new plant recently built in Texas 
represents a remarkable technological 
development, because the process in- 
volves the extraction of its magnesium 
from sea water. In this process mag- 
nesium chloride is first extracted 
chemically and is then electrolyzed to 
produce magnesiiun by a relatively 
simple and inexpensive process. There 
is in the ocean a concentration of one 
part of magnesium per thousand of 
water. On this basis, each cubic mile 
of sea water contains over nine billion 
pounds of magnesium. This supply is 
inexhaustible and if iron and copper 
become rare, mankind may find all his 
needs for metal satisfied by magnesium. 

To give the devil his due, the Ger- 
mans have been pioneers in the metal- 
lurgy of aluminum as well as in the 
metallurgy of magnesium alloys. In 
using Elektron, as they call alloys of 
these products, they have led the 
way. A typical Elektron alloy runs 
about 6 percent aluminum, 3 percent 
zinc, 0.2 percent of manganese, and the 
rest magnesium, with content varying 
according to the fabrication process — 
sand casting, die casting, extrusion, 
forgings, or sheet 
Two German aircraft, the Messer- 
schmidt ME 110, a light fighter bomber, 
and the Junkers Ju 88, a medium sized 
bomber— both twin engine machines— 
fell in England in the autumn of 1940 
and were carefully studied from a 
metallurgical point of view by the Dow 
Chemical Company. The gross weight 
of the Messerschmidt was 9900 pounds, 
and, of this, 300 pounds were magnesium 
parts. The weight of the Junkers was 
24,000 ani of this, 550 pounds in the 
plane and M pounds in the engine 
were magnesium. The American studies 
ol this magnesitim rfiowed high struc- 
tural strength, high • corrosion resist- 
ance, and a large variety of forma- 
castings, die castings, forgings, extru- 
sions, sheet Compositions used were 
to diose in American practice 


but contrary to practice in the United 
States of using most castings in the 
heat-treated condition, the Germans 
used a high percentage of the castings 
in the as-cast condition. Corroadon re- 
sistance was somewhat inferior to that 
of similar materials produced in 
America. Ultimate strengdis and elon- 
gations were not far different from ours. 

In fact, the meticulous examination 
showed that from the point of view of 
metallurgy and fabrication we are not 
a whit behind the Germans, but it did 
show that the Nazi designers had more 
fully realized the potentialities of Ae 
metal and were more boldly employing 
them. Confirmation of this view can be 
had from .a partial list of the locations 
in which Elektron has been used in 
either the Messerschmidt or the 
Junkers or both: Forgings in engine, 
bearers, supercharger impeller, dive 
brake, cowl flap; sheet and plate in 
gunner’s seat, wing fairing, other fair- 
ings, switch box, compass brackets, and 
so on; extrusions in a gas-welded 
fuselage nose structure and the like; 
castings in the imdercarriage supports, 
in the Jumo engine, in the fuel-tank 
supports, in the starter assembly hous- 
ings. And the list is far fi:om being 
complete. 

In one important respect, however, 
there was complete omission in design. 
In no instance did these fallen combat 
planes employ magnesium in primary 
structural parts such as wing spars or 
fuselage frame. 

It is not solely the war-necessitated 
increase in aircraft production which 
has led to greater use of magnesium, 



Photofrapi^ oourtety Dow OJtMinieai Oompanr 
Maqneslum oUoyt con be lobricoted 
in o veniety ol deep ond shallow 
drawn forms, such os these examples 

since the quantity of magnesium alloy 
per plane also has increased. Aircraft 
constructors have always sought out 
light-weight materials and for many 
years looked with some degree of envy 
to Germany where Elektron, a mag- 
nesium alloy akin to Dowmetal, was 
used so extensively. But our technicians 
were suspicious of the reliability of 
the magnesium alloys and wary of its 
fabrication difficulties. If the aviation 
industry has now adopted magnesium 
alloys so boldly, it is because of four 
advances: Improved fabrication tech- 
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nique; better chemical surface treat- 
ments; higher purity of the alloys; 
higher strength of structural allosrs. 

All the above improvements relate 
specifically to wrought alloys, but mag- 
nesium alloy castings have also greaUy 
improved. The whole magnesium alloy 
art has advanced because of research 
by the producers of the metal and by 
a munber of government agencies. 
First of all, there has been improve- 
ment in forming operations. The form- 
ing of magnesium is different from that 
of other metals because it must be done 
at high temperatures to eliminate 
**spring-back.” During forming, at 750 
degrees, Fahrenheit, the material loses 
its strength, but on cooling it recovers 
strength without subsequent heat treat- 
ment because the strengh is inherent 
in the material. The warpage, or dis- 
tortion, attendant on heat treatment 
is thus eliminated. 

S HALLOW forming of magnesium alloys 
has been paricularly successful be- 
cause of the Guerin process using 
heated steel dies with rubber as the 
forming medium. (Here also is a pro- 
cess which deserves attention in many 
industries besides aviation.) 

Deep drawing of magnesium sheet at 
high temperatures has now been de- 
veloped to a point where, with good 
dies and hydraulic presses, it can be 
made to serve in making airplane wheel 
caps, fairings, oil tanks, and so on— 
instead of an expensive spinning pro- 
cess. Such parts are well illustrated 
in one of our photographs. 

In aluminum the use of the riveted 
joint is giving way slowly, but only 
slowly, to spot welding. In magnesium 
the technique of gas welding has been 
developed so that strength is adequate, 
warpage and distortion are eliminated. 

Higher strength has come with an 
increase in tensile strength to 45,000 
pounds per square inch for hard rolled 
sheet, ai^ to ^,000 pounds for extruded 
metal. Considering the light specific 
gravity these figures are extraordi- 
nary. 

And finally, impurities in alloys have 
been eliminated to such an extent that 
corrosion need no longer be feared. 

So far we have looked a little back- 
ward. The more interesting question is: 
What is the present status of magnesium 
in the construction of American air- 
craft? Here Mr. Mathes, in a recent 
paper before the Society of Automotive 
Engineers, gives a very satisfactory 
picture. 

Supplies of ingot, fabrication facili- 
ties, and equally important information 
as to fabricating facilities are fully 
adequate even for our immense effort. 
There is now a full choice of suitable al- 
loys; surface treatment and protection 
are well understood and corrosion re- 
sistance is excellent. For some time 
“stress corrosion” was feared— that is, 
corrosion of parts tmder continuous 
stress. But riveted wings constructed 
of magnesium alloy sheet have proved 
satisfactory, and there are other indi- 
cations that stress corrosion need not 
be feared. 

Methods of joining are excellent. 
Aluminum rivets mav be \ised for 
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joining magnesium, or spot welding 
may be employed with due protection 
against effects of weathering. Arc* 
welded joints are also in wide use. 

Service experience has been favor- 
able. Millions of pounds per month of 
magnesium castii^ are going into 
frames, engines, doors, panels, and 
floorings in the airplane, and no ad- 
verse reports seem to be coming in. 

Gun-fire is important in combat air- 
craft, and considerable research has 
been carried out with regard to its 
effect on magnesium structures. Re- 
garding explosive shells, Mr. Mathes 
makes these interesting remarks: 

“Explosive shells are more destruc- 
tive to magnesium structures than to 
aluminum structures. Our observation 
has also been that solid shots into a 
large liquid container, such as a gaso- 
line tank, produce an effect similar 
to an explosive shell and cause more 
damage to the magnesium surrounding 
it than to aluminum. Perhaps paradoxi- 
cally, the British have had a very satis- 
factory use of magnesium as gas tanks 
in their Spitfire airplane. These tanks 
are constructed as a welded framework 
of extrusions with the sheet welded in, 
patch fashion, as small panels. Their 
observation is that these tanks are not 
only considerably lighter (12 gallons 
more capacity and 9 pounds less in 
weight) than the aluminum tank pre- 
viously used, but are also more re- 
sistant to gunfire because the mag- 
nesium does not *tulip' and prevent 
the external bullet-proofing rubber 
from sealing effectively. Such tanks are 
reported to be readily repaired.” 

Finally, there is the question of 
primary structures. Several airplanes 
have been designed, built, and satis- 
factorily tested both statically and in 
vibration. A few have reached the flying 
stage and stood up well. The British are 
using magnesium sheet as covering for 
control surfaces and over portions of 
the wing on some planes with complete 
satisfaction. In an advanced trainer in 
which an outer wing has passed tests, 
11 percent of present construction 
wei^t was saved. With an aileron 26 
percent was saved, compared with 
aluminum. 

Of course, it should be said in fairness 
that aluminum alloy also is not standing 
still, that its strength properties are 
constantly advancing and that the pro- 
ponents of aluminiun are by no means 
conceding superiority in structural 
weight to magnesixun. 

Aviation has drawn support from al- 
most every one of the applied sciences. 
In return it has taught much to other 
industries, and one lesson which has 
been taken to heart by such industries 
is that of lightness. All transport equip- 
ment, for example, has profited by the 
example of the airplane, with great im- 
provement in performance brought 
about by the use of lighter met^. 
Ships, trains, bicycles, have all profited 
in this manner. High-speed en^es in 
marine and automotive work are em- 
ploying light alloys in reciprocating and 
revolving parts to great advantage. 
Magnesium has appeared in chemical 
containers and has been used for bob- 
bins and spools and lor engraving plates 


which often must be sent as first-class 
mail. 

Under stress of war our magnesium 
resources have been greatly multiplied, 
and our methods of handling it greatly 
, improved. 

More magnesium in aircraft will 
shortly mean more magnesium in many 
industries. 

A lighter age is coming for the United 
States. 

And when we say that a lighter age 
is coming, aviation is definitely in- 
cluded. 

Our brief survey indicates that we 
have actually surpassed the Germans 
in the metallurgy of magnesium and 
that, while we have lagged behind them 
in its application, we diall now forge 
ahead of them since we are making 
use of magnesium in primary structural 
parts which they do not appear to have 
undertaken. Magnesium will be used in 
greater proportion in the metal aircraft 
to come. 

We may also venture the prediction 
that, besides the more extensive use of 
magnesium alloys in other industries, 
the special fabrication processes which 
have been developed may have an in- 
fluence on the working of other mate- 
rials. 


A A $ 

SZIYICE STAID 
JU4s Ispalr Wtrk, 

Felds isle SasU Sriee 

An aviation repair stand, adjustable to 
shape and heights of wings, fuselage, 
or tail assembly, developed by Wolfe 
and Mann Manufacturing Company, can 
be erected quickly without the use of a 
single tool and can accommodate as 
many as half a dozen mechanics. It is 
provided with ball bearing casters and 
can be easily rolled about and then 
locked firmly in position. Because it 
can be fold^ into small space to slip 
under the wings or for moving into the 
hangar, the stand can be shipped in a 
package of small dimensions. 

Viewing the picture, one might think 
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Artist's concsptton of tho Mortlii cargo plans dsscribsd bslow 


the cargo does not exert any strain on 
the structure itself during loading op> 
orations. 

The tricycle landing gear permits the 
plane to remain level during loading or 
unloading; thus it should be possible 
to load automobiles or other wheeled 
freight directly aboard the plane. 

The four-engined plane shown in the 
design is to have a gross weight of 
86,000 pounds and a useful load of 
36,870 pounds of which 13 'A tons would 
be cargo. 

SOPEB CAS 
laersssts Esflac Pswsr 
Ssois so Psrcsat 

Bad news for the enemy is contained 
in a recent announcement by Dr, Gus- 
tav Egloff, President of the American 
Institute of Chemists, of the commercial 



that this is not a very difficult piece of 
engineering, but the stand is neverthe- 
less a very useful accessory and one 
which oinr Army Air Forces are putting 
into service in several war theaters. 

SATETT IN PLIGHT 
lacrsassd by 
Nlaor PrteaaliMi 

The civil aeronautics board analyzes 
flight accidents, gives the reasons for 
such accidents, and suggests precau- 
tions for greater safety. Over the years 
it is found that such analyses and rec- 
ords will do a tremendous amount to 
increase the safety of American flying. 
From time to time the C.A.B. draws 
on its wealth of gruesome (and some- 
times ludicrous experience) to write 
a Safety Bulletin. 

Here is a humorous but worthwhile 
paragraph: *Tn acrobatics or gusty air 
the pilot who flies a plane containing 
an accumulation of loose articles such 
as cushions, earphones, maps, a loose 
portable ra^o, a chute, or even ordi- 
nary dust and debris like nuts, bolts, 
pieces of safety wire on the floor or in 
the corners may find himself in the 
position of the fellow who tries a hand- 
stand with his pockets full of change— 
but probably with more dire results 
than the loss of a few coins.” 

Violent movements of the plane may 
follow from gusts, and sometimes the 
pilot absolutely must execute a violent 
maneuver such as a sharp bank. The 
CA.B. accordingly gives this fine rule: 
“When an aircraft is released from a 
repair depot or from a factory, go over 
it with a vacuum cleaner to get rid of 
small loose objects, and check the in- 
terior of the cockpit or cabin for loose 
objects before every flight.” 

HOTEL CAH60 PLANE 
Otsififi Iw Hayii 
Ltalfaif iU HaUaifaii 

With the increasing importance of 
air cargo will undoubtedly come air- 
planes designed specifically for such 
duty and differing considerably from 
the almost conventional passengfer 


transports. Thus, William D. van Zelm 
of the Glenn L. Martin Company has 
patented an arrcmgement which is il- 
lustrated in the accompanying sketches. 

One of the sketches shows a four- 
engined airplane, in which the custom- 
ary long fuselage is replaced by a rela- 
tively short fuselage and two long 
booms supporting the tail surfaces. The 
pilot’s cockpit is up front, but the rear 
part of the fuselage can be swung up- 
ward as shown in the second sketch 
so as to give the freest possible opening 
for large cargo. This arrangement also 
permits a truck to drive close up to the 
loading door. 

A tricycle landing gear is incorpo- 
rated in the design, while another fea- 
ture lies in a hydraulic mechanism 
which is used both to raise the cargo 
door and to extend a collapsible ramp 
which can be adjusted to run either 
to the ground or to the back platform 
of a truck. The ramp itself is equipped 
with adjustable jacks close to the point 
where it hinges to the plane, so that 


perfection of a motor fuel called trip- 
tane, which has raised engine power 
half again over 100-octane gasoline. 

Triptane is said to be the most power- 
ful hydrocarbon known for use in the 
internal-combustion engine. Its anti- 
knock properties are also remarkable. 
Thus, in addition to furnishing more 
power, the new gas will allow the use 
of greater compression ratios on the air- 
plane engine which, in turn, means 
more specific output and greater effi- 
ciency. Triptane has been known for 
several years, but it is only now that it 
can be made in quantity. It used to cost 
$3000 a gallon; now, in a relatively small 
pilot plant, its cost has been reduced to 
$1 a gallon. 

The advantage of such a gas to com- 
bat airplanes can scarcely be over- 
emphasized. The Germans are said to be 
employing some method of “doping” 
their engines to produce a burst of 
power and speed in an emergency, but 
the method ruins the engine. Triptane 
holds great advantages in this regard. 
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Color Hatching in Indnstry 
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By JOHN MARKUS 

AMlftoBt WUtor, Elmtnmim 


C OLoa Is a mental concept induced 
when radiant energy of certain 
frequencies falls upon the retina of the 
human eye. Many words have been 
coined in attempts to describe and de- 
fine the concepts caused by different 
frequencies, but the futility of securing 
precise and unmistakable terminology 
is evident when one considers that 
under favorable conditions the normal 
average human eye can distinguish at 
least 5000 different colors. 

Color standards, espe- 
cially pieces of colored 
glass, ^ght seem to be 
the answer, but even if it 
were possible to assemble 
a complete standard set of 
colors there would be no 
assiurance that the different 
colors would remain con- 
stant for any period of time. 

To complicate the prob- 
lem still further, color ap- 
pearance is not always 
what it seems. Three vari- 
ables affect the color con- 
cept telegraphed to our 
brain by the retina— our 
own visual characteristics, 
the kind of illumination on 
the color sample, and the 
optical characteristics of 
the sample — ^and each can 
cover a i^de range of vari- 
ation. Optical character- 
istics include such things 
as the amount of each color 
that is absorbed, the 
amount refiected, and the amount trans- 
mitted, as well as the nattire of the* re- 
flection. A mirror-like (glossy) surface 
gives what is known as specular reflec- 
tion, while a powdery, irregular (dull) 
surface gives diffuse reflection. 

With plastics and other recently de- 
veloped materials which now are mak- 
ing color an increasingly more impor- 
tant factor in industry, the problem of 
getting exact colors for particular prod- 
ucts has logically been turned over to 
electronic engineers. To be sure, the 
optical spectrophotometer has been used 
for many years in laboratories to meas- 
ure and match colors, but it still re- 
mains strictly a laboratory instru- 


ment, too slow for the needs of indus- 
trial engineers. 

An optical spectrophotometer re- 
quires that a liurge number of indi- 
vidual observations be made to secure 
the necessary data for plotting a per- 
manent color record known as a spec- 
trophotometric curve. These curves 
represent color Q>ecifications or analy- 
ses that are the same for all observers 
and all conditions of observation, be- 


cause they involve comparing the radi- 
ant energy reflected or transmitted by 
the sample at each selected wavelength 
of light with an absolute standard of 
reflection or transmission. 

Because of the complication of the 
optical spectrophotometer, electronic 
engineers took over the job of providing 
these color data in a matter of minutes 
rather than hours, independently of 
human errors and in a manner suitable 
for production-line use. How weU ^ese 
engineers have done their job of meet- 
ing the widely varying requirements of 
electronic color comparators, color- 
imeters and spectrophotometers in hun- 
dreds of different industries is indi- 


cated by the fact that available units 
now cover the entire gamut of photo- 
electric colorimetric instruments from 
the simplest $55 comparator to a mam- 
moth and almost hiunan $6400 version, 
all meeting precision requirements of 
particular jobs for which they were de- 
signed. 

An electronic color comparator de- 
termines whether a color sample re- 
flects or transmits the same amount of 
a given light as does a 
standard sample. In gen- 
eral, this comparison is ac- 
complished by making the 
comparison four times — 
first with white light, then 
with three primary colors 
in succession. Sometimes 
white light alone will de- 
tect a non-match, but no 
single light will give as- 
surance of a good match. 
Only if the standard and 
sample reflect or transmit 
equal amounts of white, 
red, green, and blue light 
to the phototube or light- 
sensitive cell is there rea- 
sonable assurance that the 
two objects will appear to 
have the same color under 
all ordinary illuminations. 

Photoelectric color com- 
parators find widespread 
use in many indvistries. In 
the textile industry, they 
are used to measure Fad- 
ometer and Launderometer 
results, to detect mis-match of dyes, to 
detect color errors that might be caused 
by weave texture, sheen, or surface tex- 
ture; they also are employed to com- 
pare samples of paints, powders, pastes, 
coffee, food, and other colored mate- 
rials or liquids. Knowing in what por- 
tion of the visible spectrum a color 
sample differs from the standard, it is 
often possible to estimate what color 
pigments or materials should be added 
to the sample to make it match the 
standard color. 

A typical comparator arrang^ent 
consists of a single light source provid- 
ing two identical beams of light, one 
directed through or reflected from the 



Recording photoelectric spectrophotometer mode by General 
Electric In the laborotory of Interchemicol Corpofotion. where 
it Is used to establish color lor Inks, points, enamels, and so on 
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standard color onto a phototube or 
light-sensitive cell, and other di- 
rected through or reflected from the 
color sample onto another phototube or 
cell. The two phototubes or cells are 
connected into a resistance bridge cir- 
cuit containing an indicating galvanom- 
eter that shows whether or not the two 
light-sensitive devices are receiving 
equal radiant energy. 


A PHOTOELECTRIC colorimeter in its 
simplest form consists of a light 
source, a beam-forming lens, a sample 
holder, a filter holder, and a self-gen- 
erating photocell positioned to receive 
either the light transmitted or the light 
reflected by the sample. The photocell 
is connected directly to the indicating 
meter, usually a galvanometer or 
microammeter. Here the meter deflec- 
tion is proportional to the amount of 
light reflected or transmitted into the 
photocell. Many variations of this basic 
arrangement are in use, some with ad- 
ditional refinements to provide greater 
accuracy. 

As with comparators, colorimeters 
employ Alters to permit measurements 
at a number of different portions of the 


been designated by the International 
Commission on Illumination as ICI 
primaries, and readings obtained with 
these filters are known respectively as 
X, Y, and Z tristimulus values. An ad- 
ditional feature of these ICI primaries is 
that fact that the Y tristimulus value 
gives the luminous reflectance of the 
sample directly in values from 0 to 100 
percent. 

In at least one instance, it is possible 
to obtain a set of 14 different filters for 
a photoelectric colorimeter, permitting 
isolation of the visible spectrum into 
wavebands each approximately 30 mil- 
limicrons wide, and giving in effect an 
abridged spectrophotometer. From the 
set of 14 values obtained with these 
filters one at. a time, it is possible to 
plot a spectral transmission or reflection 
curve approximating the continuous 
curve provided by a recording photo- 
electric spectrophotometer, or select a. 
filter most suitable for repeated tests of 
a material in process control. 

If a mercury-vapor lamp is used as 
the light source, transmission measure- 
ments in the invisible ultra-violet re- 
gion can be made with some types of 
photoelectric colorimeters. This feature 
is particularly useful in measuring the 
.vitamin-A content of liquids. 

In general, a colorimeter is designed 
for transmission measurements. Instru- 
ments for measiuring various types of 
reflection from colored samples are 
sometimes called photoelectric reflec- 
tion meters. 

Some work has been done with infra- 
red spectroscopy, in which the amount 
of invisible infra-red light reflected 
or transmitted at various infra-red fre- 
quencies is measured with a sensitive 
thermopile (which converts radiant 
heat energy directly into electrical 
energy by thermoelectric means). This 
measuring technique is useful regard- 
less of whether or not the material 
appears to have color, because certain 
seemingly transparent materials defi- 
nitely al^orb characteristic portions of 
the infra-red spectnun. The method 
has been already used for controlling 
the manufacture of synthetic rubber 
and its raw materials, for dealing with 
colorless petroleum derivatives, and 



Example oi a spectral response 
curve obtained from green cello- 
phoae with the recording spectre* 
photometer shown on opposite page 

for studying the molecular structure of 
organic substances. 

One interesting wartime application 
of photoelectric colorimeters is a com- 
pact Westinghouse instrument that 
monitors the color of the blood in a 
flyer^s ear, and indicates when addi- 
tional oxygen is needed during high- 
altitude flying. A tiny light and midget 
phototube supported on opposite sides 
of the ear lobe by a spring clip provide 
an output current that is proportional 
to the color of the blood and hence to 
the oxygen content. The output of the 
phototube is amplified and fed to an 
indicating instrument and sometimes 
also to an alarm. 

Vast new fields for electronic meas- 
urement and control with photoelectric 
colorimeters are opening up in photo- 
electric chemical analysis, biochemical 
analysis for clinical purposes, metal- 
lurgical analysis, vitamin industry con- 
trol, color control in beer and other 
liquors, process control of foodstuffs, 
determination of various qualities in 
blood, and so on. The chief reasons for 
the great success of these electronic 
instillments are speed of observation 
in comparison with older visual 
methods; lack of fatigue of phototubes 
or photocells; the full sensitivity in the 


visible spectrum. For a set 
of three primary colors, 
three filters are usually 
standard accessories. Their 
colors are such that no two 
of them will combine to 
make the third, yet the 
three will combine to make 
white light. There are a 
variety of color combina- 
tions which meet these re- 
quirements, but those most 
commonly used are red, 
blue, and green. 

With three filters, it is 
possible to specify the color 
appearance of a color 
sample in terms of equiva- 
lent stimuli of the three 
selected primary colors. 
These rdiative stimuli val- 
ues are called tristimulus 
values. 

A set of three red, green, 
and blue primaries has 
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Th« PbotoTolt Corporotlon'f photo- 
electric colorimeter^ on example ol 
a unit In the $100 price range 


end regions of the visible spectrum 
and even beyond; the feature of auto- 
matic operation in some instances; the 
fact that electronic iitttruments do not 
require trained observers; and the fact 
that measurements are made without 
need for darkening the room. 

The recording photoelectric spectro- 
photometer developed by General Elec- 
tric Company engineers from the origi- 
nal design by Professor A. C. Hardy, 
of Massachusetts Institute of Tech- 
nology, will measure either reflectance 
or transmittance, as desired. It quickly 
and accurately analyzes and records 
any color that is visible to the human 
eye. 

T hk instrument consists essentially of a 
monochromator, a photoelectric pho- 
tometer, and a recorder. In the mono- 
chromator, white light from a lamp is 
spread into spectrum colors by a first 
prism, and reflected by a rotatable mir- 
ror into a second prism that spreads the 
colors still further. The light at the 
output slit of the monochromator is a 
pure lO-milUmicron wide band of col- 
orded light, the wavelength of which 
is determined by the position of the re- 
flecting, ^piirror. 

The hli^ting monochromatic light 
passes thrb^h two Rochon prisms and 
a Wollaston prism that collectively 
generate two beam components, mu- 
tually perpendicularly polarized, which 
fall respectively on standard and sample 
inside a photometer sphere. The light 
intensity varies from minimum to 
maximum on the sample and on the 
standard, which are out of phase with 
each other, due to mechanical rotation 
of one Rochon prism by an electric 
motor. 

A phototube views a frosted glass in 
the wall of the integrating sphere, the 
brightness of which is proportional to 
reflectance for both sample and stand- 
ard. When the light reflected from the 
sample is not equal to that reflected 
from the sample for a particular spec- 
trum band, an a.c, component is present 
in the phototube. This is utilized 
through a thyratron stage to rotate 
the o^er Rochon prism enough to re- 
move the A.C. component from the pho- 
totube. The angular position of this 
flrst Rochon prism is thus a measure 
of the reflectance of the sample in 
terms of the standard. This angular 
position can be read directly on a 
scale, and also used to actuate the re- 
corder which provides the spectral re- 
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sponse curve of the color under study. 

The discoloring of an organic finish 
during service governs to a large ex- 
tent its quality and usefulness. With the 
spectrophotometer, the 'effect of such 
factors as heat, light, ultra-violet radia- 
tion, humidity, and grease upon paints 
and other finishes can be quantitatively 
determined by accelerated life tests or 
by tests at regular intervals under ac- 
tual use. Tests such as these are being 
used more and more by military and 
governmental purchasing agencies as 
well as by industrial firms as reliable 
guides in the purchase of finishing ma- 
terials. 

In colorimetry, applications are 
much the same as for the other instru- 
ments, with the spectrophotometer pro- 
viding a more nearly accurate result, 
giving the transmission for each wave- 
length in the visible spectrum so that 
•any one wavelength may be considered 
to the exclusion of the others. This is 
impoi'tant because the human eye in- 
tegrates over the entire visible spec- 
trum, and interfering colors often make 
accurate visual comparison difficult or 
impossible. The instrument also elimi- 
nates the use of standard colors for 
each determination, and provides an 
absolute permanent record that changes 
colorimetry from an art to an exact 
science, gives analytical chemistry what 
is virtually a new tool, and promises 
much for the future in all industrial 
prdce.sses related in any way to light 
and color. 

WATU PniTY TCSTEB 
Osfs ClfctreBic Tibtt 
It Ntaswi Ci»$«dlvll7 

A COMPACT electronic device employing 
a cathode-ray tuning indicator tube and 
a rectifier tube has simplified the pro- 
cess of testing distilled water to the 
mere act of inserting a conductivity 
cell in the water, adjusting a knob for 
maximum shadow of the electric “eye,” 
then reading the purity on a scale. The 
instrument actually measures the elec- 
trical conductivity of the water under 
test, but for convenience the scale is 
calibrated 0 to 15 parts per million in 



Vsbig Ihe electroale wcrter tester 


terms of sodium chloride so that the* 
user obtains a direct reading. 

The circuit is essentially that of an 
alternating-current Wheatstone bridge, 
with the conductivity cell and the liquid 
in which it is immersed constituting the 
unknown resistance. 

NOTOB COMTIOL 
Nalllplies Vssfalaess el 
Orilaary Drill Press 

The field of usefulness of the ordinary 
small drill press may be greatly in- 
creased by the addition of a 1/3 horse- 
power thyratron control. Ox>erating 
speeds can be adjusted from 25 revolu- 
tions per minute to 1750 revolutions per 
minute simply by rotating a knob, and 
the direction of rotation can be changed 
by pressing a button. Independent speed 
adjustments are provided for both for- 
ward and reverse rotation, permitting 
preselected speeds for both tapping and 
backing out. The range of spee^ makes 
it possible to use the drill press for a 
wide variety of hard- to- drill materials 
from molded compounds to the hardest 
steel pieces without changing pulleys. 

COAL Mm im 

Eleclreales Takes Ike 
Place el Cklll Laker 

Photo-electric cells have been in use 
for some time in coal mines for the 
obvious purposes for which many in- 
dustries have employed them — that is, 
for opening doors and for protective 
devices A new job for the photo-tube 
has now been found — that of the old 
symbol of child labor, the ‘^breaker 
boy.^* 

Coal, after coming up from the 
ground, is sorted; that is, slate, “bony” 
coal, and other undesirable refuse, are 
removed. Instead of picking it out by 
hand, more progressive colleries have 
devised mechanical means for perform- 
ing this cleaning job. Nowadays the 
coal plus refuse is dumped into a 
trough of water which is agitated by 
compressed air. Since coal has a lower 
specific gravity than slate and other 
undesirable material, the coal floats and 
is taken away. The heavier materials, 
however, fall to the bottom and in time 
pile up so that they must be removed. 
Here is where modern engineering 
enters the picture. 

The refuse makes contact with a 
sensitive free -moving float made of 
aluminum and weighted so that it con- 
forms to the specific gravity of the 
material to be drawn off. This float 
rises as the refuse material varies in 
depth. Attached to this float is a vane 
which intercepts a beam of light until 
the refuse becomes high enou^ so that 
the beam is no longer eclipsed. Then 
it shines into a photoelectHc cell, the 
output of which sets into motion a 
mechanism controlling a rotary gate. 

By this means continuous and auto- 
matic discharge of the unwanted mate- 
rials is effected. A second photo-tube 
speeds up the motors if the i^use piles 
up faster than the preliminary gate can 
handle it. 
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Found: The ‘Lost-Wni’ Process 


One* Eoiployad CUefly for Accuato Naaafoclaro of Sanll Helal Jowdry 
Olid Doalal Pvif. tho "Lost-Wax" Casifag Procon Hu Booa Modoralioi 
anl Adapiod to Ww Prodaclioa. It How Loom u aa laiportaat Prodsloa 
Nothod for tko Post-Ww Prodactioa of Saiall Notal Parts 


I F THSRE is one ancient adage that this 
war has repeatedly disproved, it is: 
“You can*t teach an old dog new tricks.” 
The ultra-modem uses that old stand- 
bys like cast iron and wood have been 
given would astonish even some foun- 
drymen and carpenters; even more re- 
markable is the wartime rejuvenation 
of one venerable metal-working art, 
the “lost-wax” casting process, and its 
sudden emergence as an industrial 
metal-forming method of new signifi- 
cance for post-war manufacturing. 

The unfolding story of the present 
and future applications of the lost-wax 
process must be superimposed on a 
background of the recent trials and 
tribulations of its parent, the jewelry 
manufacturing industry. Few industries 
were in so desperate a plight 20 months 
ago as was this one. Classed as non- 
essential, it was properly denied an im- 
portant part of its raw materials, while 
its manpower began an exodus to in- 
dustries and operations that were con- 
tributing directly to the war effort. 
Independently and in groups the 


jewelry manufaetturers appraised their 
worsening situation and sought means 
by which they might participate in war 
production. One of the groups was the 
Jewelry Crafts Association in New 
York, whose president, William B. 
Ogush, fixed upon the lost-wax cen- 
tri^agal casting process hitherto used 
only for the accurate manuacture of 
rings, mountings, dental forms, and so 
on, as a likely method of making pre- 
cision parts for ordnance and aircraft 
which would simultaneously save tons 
of raw materials and thousands of man- 
hours in production time. His associa- 
tion formed a sub-contractors* pool and 
together with some independent manu- 
facturers demonstrated very quickly to 
Ordnance engineers that the lost-wax 
centrifugal process could indeed go to 
war, that its new name “precision cast- 
ing” was highly appropriate, and that 
the use of the method and equipment 
as already installed in several shops 
would provide a welcome alternative 
to tedious machining for making many 
sorely -needed parts. 


Thus, through industrial application 
of this old-new process, many jewelry 
manufacturers have been able to stay 
in business and to bring the day of 
Victory just so much closer. But of 
nearly equal importance is the certain- 
ty of most of them that the use of the 
lost-wax process for making precision 
industrial parts is here to stay. As one 
of them stated: “Production men with 
an eye to the future are studying this 
process now for its possibilities in the 
mass production of small parts for the 
automobile accessory industry, outboard 
motor, refrigerators, and allied fields.** 
The first thing revealed by these 
studies is that several variations of the 
lost- wax process are now in use. In its 
simplest form the operations are carried 
out something like this: First a stock 
sample of the part to be manufactured, 
a bevel gear, for example, is obtained 
and employed as a master pattern to 
produce a master mold or “wax mold** 
whose cavity is a replica of the solid 
part. This master mold is in two parts 
(to permit removal of the stock sample 
and later of the wax pattern) and may 
be made of low-melting bismuth al- 
loy, rubber, plastics, and so on. The 
soft metal or plastic molds are pre- 
ferred because they can be made di- 
rectly from the part by pouring the 
mold material around the latter in a 
suitable container. 



PnotoftBplMi Us Www MUCH . ^ . . . ' ^ . . 

IvIdklBg die wax pattern la dU loit-wox preeees Pouring audiea a&oy la a precisloa easting machine 


DECEMBER 1943 • SCIENTIFIC AMERICAN 


2S8 




Prtclaloa pcorti mod« by fli# procMs d— c a r l btdi 


Into the cavity of the master mold 
is then poured a special wax to f<xrm a 
wax facsimile of the part to be cast 
This wax form is removed and trans* 
ferred to an otherwise empty flask, 
and around the wax is poured the 
vestment’* — ^liquid plaster of Paris, for 
example — ^which is then allowed to 
or harden. When dehydrated, the 
investment is heated to melt the wax, 
which is then poured off to leave a 
plaster mold capable of accurately 
reproducing the contours of the sample 
part when the metal of the final casting 
is poured into its cavity. The plaster 
mold is broken up during removal of 
the finished part. 

I T xs at once evident that the virtue 
of and reason for the wax is that it 
can be so simply removed (merely 
by melting) from the mold cavity of 
the investment, however complicated 
and undercut the latter may be, with* 
out breaking or marring the final mold 
in the slightest In the general art of 
casting no other **pattem” customarily 
used to form a mold is so simple in na- 
ture and so easily removed as wax, and 
indeed it is this feature— the melting 
away of the wax pattern— that gives the 
lost-wax process its name. 

The modem variants of this process 
all include centrifugal casting of the 
metal finally pour^ and introduce 
sundry improvements in the wax or 
investment material employed. The 
fanciest centrifugal casting machines in 
use whirl die electrically-heated melt- 
ing-crucible and flask as one unit in a 
horizontal plane, instead of spinning 
the mold about an axis running 
through it, as in centrifugal casting of 
pipe. Hie machine is set in motion 
when the metal to be cast is molten 
in the crucible, which is located direct- 
ly behind the flask on an arm of the 
machine. As the machine spins, cen- 
trifugal pressure forces the liquid metal 
into the mold cavity, where it solidifies. 

The compositions of wax and invest- 
ment are closely guarded trade secrets. 
Waxes may rtm from beeswax to syn- 
thetic compositions, with much interest 
now being shown in certain injection- 
molding thermoplastics and even in 
very low melting point allosrs as im- 
provements over traditional waxes. 
Special centrifugal wax-casting ma- 
ctoes are often used to achieve die 


ultimate in accuracy of 
reproduction. 

Instead of plaster for 
the investment, ceramics 
of various t 3 rpea may be 
used. One company has 
developed a refractory in- 
vestment whose his^- 
temperature pre^perties 
permit its use for cast- 
ing high-melting metals 
like stainless steel and 
other ferrous alloys. 

The size of the casting 
machines used varies, 
the most popular having 
an over-all diameter of 
about 40 inches. A labor 
force of two workers is 
all that is required for 
one machine, and a single 
machine may produce, through multiple 
molding, many cas t i n gs in each op- 
erating cycle. A typical machine cycle, 
from loading the investment through 
removal of the fiask, requires about 
three minutes. The daily output of one 
station on a casting machine often 
reaches 200 to 300 parts. 

Part sizes are still small, dimensions 
of about 3^ inches on a side being 
the usual maximum feasible at present 
On the other hand, the precision avail- 
able in the process is very high; toler- 
ances of 0.001 to 0.002 inch can easily 
be met, and in the tiniest parts it is not 
uncommon to hold tolerances to 0.0005 
inch in all directions. In almost all cases 
the only finish-machining required is 
removal of the gates. 

In the manufacture of ordnance and 
machine parts, the castings are most 
commonly made in non-ferrous alloys 
and stainless steels with only a rela- 
tively small (but growing) volume in 
engineering alloy- or carbon-steels. 
Best results are obtained with strong 
bronzes like manganese bronze, alumi- 
num bronze, or beryllium-copper, and 
with aluminum alloys, zinc alloys, and 
stainless steels. 

Once acquainted with the nature of 
the process, its technique, and its engi- 
neering feasibilities, the alert 'engineer 
translates these into terms of 
broad production and design 
advantages and limitations. 

He notes the latter first: 

Precision casting by ^is 
process has definite size 
maxima, as mentioned ear- 
lier. It cannot generally be 
applied as yet to the more 
common ferrous metals. For 
production runs amounting 
to tens of thousands d! a 
single part, other fabricating 
methods involving perma- 
nent dies or molds would 
probably be xxiore economi- 
cal. Determination of mas- 
ter-pattern and wax-mold 
shrinkages, the selection of 
wax ai^ investment mate- 
rial, and the correction of 
distortion in ffiin parts are 
individual problems that ' 
must be empirically solved 
for eadh cise. 

But the advantages, on die 
other hand, seem worth the 


effort: The dimensional accuracy poa- 
sible is unsurpassed by any other cast- 
ing method, and the most complex 
shapes and surface contours can be re- 
produced with high precision* Usually 
no machining is required to produce 
the finished part and this has led one 
observer to describe the process as com- 
bining the foundry and the machine 
shop in one art 

I N ADDITION to all the machine time, 
man-hours, tooling, and waste mate- 
rial saved by the process wherever it re- 
places die machining of bar stock, or 
of forging, or of sand casting as a pro- 
duction method, it has important sub- 
sidiary features. The raw material can 
be secondary ingot metal, ideal from 
the national conservation point of view 
and also subject to quicker delivery 
than bar stock or forgings. 

Some of the present applications of 
the process will serve to illustrate its 
capabilities and provide a background 
against which to estimate its post-war 
horizons. Theoretically almost any shape 
or contour produced by machining can 
be duplicated by lost-wax precision 
casting. Tapped and threaded surfaces, 
gear teeth, undercuts, tapers, holes of 
all shapes — any of these alone or in 
combination with others— can be cast in 
one unit (the process cannot compete 
economically, however, with stamping 
or screw machine fabrication on a mass- 
production scale). 

A typical case history is that of a 
1%-inch diameter bevel gear formerly 
machined out of bronze bar stock and 
ordered in 4000-piece lots. By the 
former method 80 man-hours tooling 
and eight minutes production time were 
required; lost-wax centrifugal casting 
in Tobin bronze necessitated only 30 
man-hours tooling and six minutes 
production time. But here are items 
of even greater significance: In pro- 
ducing the machined part 60 percent 
of the original stock went into the scrap 
barrel as chips and turnings, as against 
only 2 percent scrap by pre^on cast- 
ing. Fuxthermore, the delivery time for 
the bar stock was 21 days from the 
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41me of ordering, while the ingot metal 
lor casting was received three days 
after the order was placed. 

At the opposite end of the produc- 
tion»volume scale is the case of a 3^-> 
inch diameter aluminum*alloy com- 
pressor head of which only 250 units 
were required. Machining required 250 
man-hours tooling and 120 minutes 
production time a:^ resulted in 55 per- 




Another view of a group ol slm- 
uUaaeously made costings, show- 
ing complesdty of the unit parts 


cent turnings waste. Precision casting 
tied-up only 40 man-hours for tooling, 
30 minutes for production, and produced 
only 3 percent scrap— in addition to re- 
ducing the inspector’s rejections for ex- 
cessive porosity from 25 percent of total 
production to only 4 percent 


Many other cases could be cited, in 
addition to the busy held of ordnance 
parts, some of the most successful new 
applications of peace-time significance 
include beryUium-copper bearing 
moimts, bronze pinion gears, stainless 
steel surgical instrument handles, alu- 
minum alloy engine-starter parts, stain- 
less steel supercharger turbine blades, 
and so on. Millions of non-ferrous parts 
and hundreds of thousands of ferrous 
pieces have already been produced by 
industrial firms using the lost-wax cen- 
trifugal casting process. 

The future is full of promise for this 
precision casting method. In the highly 
competitive period that will follow the 
war, manufacturers will overlook noth- 
ing that can cut costs or that will permit 
the accomplishment of results not 
otherwise easily obtainable. Precision 
casting will appeal to some because it 
decreases waste and speeds production. 
It seems destined for increasing use for 
the fabrication of small parts to be made 
of metals whose melting points are too 
high for die casting, of shapes too com- 
plicated for powder metallurgy, and of 
dimensional tolerances too narrow for 
sai.d casting. 

And it may hold the solution to many 
new and important designs that could 
not be commercially produced by the 
usual fabricating methods because of 
their intricacy or complexity. What 
that means to both Victory and post- 
war planners can plainly be seen. 


that tiny burrs or nkks may scratch 
the cylinder bore and cause leakage. 
The plastic-and-steel pistons are still 
**under observation.” 
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Fob decades, artillery gun barrels have 
been made by forging on large presses, 
a time-consuming operation followed 
by considerable machining, especially 
to make the bore. Then, a few years 
ago, Army production engineers devel- 
oped the centrifugally-cast gun barrel, 
which is cast vir^ally to finished size 
and shape in a revolving mold. Cen- 
trifugally cast barrels can be produced 
much faster than forged, involve a 
minimum of waste metal to be ma- 
chined away, and are cheaper to make. 

Since the beginning of this war a 
brand new method (generally referred 
to until very recently simply as 
’’Method X”) has come into use for 
high-speed production of artillery gun 
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A gun barrel la the making 

tubes. This method, which is the fastest 
yet, consists of piercing an axial cavity 
in a long hot billet by means of piercing 
rolls, sizing by broaching, and then 
surface-finishing. 

The method is in .use at the Steel and 
Tube Division of Timken Roller Bearing 
Company, who are thus applying their 
knowledge of and equipment for making 
seamless steel tubes for various peace- 
time purposes to this important ord- 
nance item. Piercing the hole in the 
hot billet takes 15 seconds and broach- 
ing is a relatively fast operation. The 
former practice of drillhig a tough, 
heat-treated, solid forging alone re- 
quired six hours. 

The use of existing seamless tube 
mills for making gun Irarrels has elimi- 
nated the need for building dozens of 
new forging hammers and presses and 
himdreds of gun-boring la^es. In ad- 
dition, the pierced steel tube is not only 
closer to finished dimensions than a 
hammer-forging, but the metal that 
would be cut out of the bore and re- 
turned to the mUl as shavings is re- 
tained in the tube, actually part of the 
gun’s wall 
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Onb of the hardest conservation nuts 
for our engineers to crack has been the 
special group of alloys employed for 
turbines, furnace parts, oil-refinery 
equipment, and so on,*beca\i8e of their 
superior resistance to weakening and 
to oxidation at high temperatures. High 
in critical chromium and nickel (usu- 
ally 5 to 20 percent chromium and 35 
to 8 nickel), these materials have so 
far seemed unreplaceable by other 
metals without sharp loss of high-tem- 
perature reabtance. 

At a recent meeting of the American 
Society for Metals, however, it was 
announced that for service in the most 
important temperature range (up to 
1400 degrees^ Fahrenheit) a new ’’emer- 
gency” heat-resistant alloy was entire- 
ly satisfactory and could replace the 
wid^ used 18 percent chromium, 8 
percent nickel, and 25 percent chro- 
mium, 12 percent nickel alloys with 
considerable saving in critical-material 
content Tbe saving is achieved by re- 
placing a large part of the nickel and 
chnmiium with silicon and manganese. 

The new alloy, developed by O. E. 
Harder and J. T. Gow of Battelle 
BAsmorial histitute, contains 10 to 13 
percent chromium^ 4 to 10 nickel, 2 to 
12 manganese, about 2 silicon, and be- 
twessa OAO ai^ 0A5 carbon. 

With the nickel and manganese con- 


# tl 


tents properly balanced, the new alloys 
have sufficient high-temperature tough- 
ness for the customary rough handling 
while hot in the foundry and yet are 
low enough in hardness to be machin- 
able. The strengths of the alloys at 
1400 degrees, Fahrenheit, are substan- 
tially higher than those of the com- 
moiUy-used heat-resistant alloys at 
1800 degrees, Fahrenheit. 

Here is an ’’emergency” alloy devel- 
opment that is obviously destined to 
outlast the emergency. 

BIAII PISTMI 

Isw Nstsrials Btlaf TtsftI 

Fsr Iks Fahurt 

BEVBALma glimpse of what lies ahead 
in the field of automotive brake mate- 
rials is afforded by some recent re- 
marks of J. F. Bachman of Chrysler 
Corporation. 

Brake cylinder pistons have very 
often been made of aluminum alloy, 
but wartime stringencies have forc^ 
engineers to use other materials, and 
some of them are definitely ”here to 
stay.” Tin-plated cast-iron pistons, for 
example, have turned out to be at least 
as satisfactory and certainly less ex- 
pensive than aluminum. 

’Tin-plated steel and plastic with 
hardened steel inserts have also been 
successfully used and may survive the 
war perU^ Steel pistons, however, 
create a difficult handling and inspec- 
tion problem because of the possibility 
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A mid dislocations brought about by good thing it would be if somebody 
industrialization, one of our seri- had consulted him first Employers 
ous losses lies in the fact that music — sometimes ascribe to their employees 
the old sea chanteys and work songs — their own reactions and opinions. One 
has gone out of work. When you company gave up playing music be- 
separate wo]^k and song, you miake cause it interfered with the factory in- 
work out of work. ter-communication system. An official 

The kind of data from which it can of another would not install a system 

Mnsic in Indnstry 

NaoaiMMal is Lsindif lhal Hmn Wa« Nm Uns Nsrs Ismbm la Iks 
OM-TIaM Wark Saap lal Nasic. Psyckalaflsts aad Ea|iaaan Skaw Ikal 
Masie Pawarfally CaalNit Warkars' Eaniiaas aad Evaa Tkair Pkydabfy. 

Tka Factary Nasic Disirikallaa Systaai lacraasas Pradacilaa 

By HAROLD BURRIS-MEYER 

Stevens insUtute of Teehnotocy 


be determined what music actually does 
to workmen have proved to be sadly 
lacking. Instead of facts we have hear- 
say, hunch, and theory, all readily 
available in almost any quantity. Man- 
agements which use music and em- 
ployees who listen to it seem to agree 
that music is a fine thing. Organiza- 
tions which install electronic distribu- 
tion systems and furnish programs have 
files full of letters from satisfied cus- 
tomers. There is a growing popular be- 
lief in this country that music in a 
factory can do just about everything 
except rearrange the stockroom or in- 
terpret the latest set of government 
regulations. 

Evidence to show how good industrial 
music is, based on casual or superficial 
observations, is freely adduced. Every- 
body who gets his hands on a plant 
music distribution system at once be- 
comes an expert and can tell you 
everything about programming, speaker 
placement, intensity levels, what the 
boss thinks about it, what the em- 
ployee thinks about it, how little either 
of them knows about it, and what a 

Prom ft paper presented before The Amerlcftn 
Society of Meohftoicftl Ehslneers. 


because, said he, '*if I get it in and I 
don’t like it, the employees will never 
let me take it out.” 

All this adds up to precisely nothing 
we ’can use. Even a report published 
by the Medical Research Council of the 
British Industrial Health Research 
Board is of limited use because, though 
the studies it treats are thorough, they 
apply only to a group of girls working 
in a chocolate factory. 

Our interest is in emotional control. 
We are interested in exerting it di- 
rectly by emotional stimulus, and by 
inducing physiological change as the 
basis for emotion. In industry the ends 
to be achieved by emotional control 
obviously are: To suit the man to his 
task; to give the work the status of 
a calling; to make it for the man, not 
what he lives by, not that which pro- 
duces the pay envelope, but a major 
element in living. If that can be done, 
even if only in part, the work improves 
and the employee likes it. If you have 
control of the stimulus, if you can de- 
fine it in terms of intensity, spectrum 
and cyclic quality and then measure 
the rate and quality of production, late- 
ness, early ^parture, absences, acci- 


dents, and any discoverable indices of 
employee morale, without the worker’s 
knowledge that he is a subject, you 
have a valuable technique for the study 
of emotional control and can, inci- 
dentally, find out what music in indus- 
try is good for, and how good it is. 

As a starting point, there is a consid- 
erable mass of physiological and psy- 
chological data. By auditory stim\:^ 
we can control metabolism. We can in- 
crease or decrease muscular energy. 
We can increase respiration. We can 
increase or decrease pulse rate. (Try 
that on yoxirself sometime. Take your 
pulse while you sing: Change the tempo 
of the song and you will observe a 
change in your pulse rate). We can 
control the ^reshold of sensory percep- 
tion, and this is very important in pre- 
cision work. We can reduce, delay, or 
increase fatigue. By the control of 
these phenomena it is possible to estab- 
lish a physiological basis for the genera- 
tion of emotion. 

Unfortxmately, the phenomena I have 
mentioned have been studied only under 
laboratory conditions. The subject often 
knew that he was a subject, and that 
somewhat conditioned his response. 
Moreover, he was not engaged in his 
principal activity while being tested, 
nor did he share his reactions with a 
group. The extremely important phe- 
nomenon of mass reaction has been 
neglected. Obviously, then, even our 
basic theory when applied to music in 
industry needs validation in the fac- 
tory. 

Accordingly we proceeded to study 
existing musical programs in factories, 
and then to assemble programs for spe- 
cific purposes. It has been our good 
fortune to have the co-operation of 
numerous industries and of two organi- 
zations dealing in factory music dis- 
tribution systems and music libraries — 
Muzak, Inc. and Radio Corporation of 
America. Lacking the kind of factory 
records susceptible of statistical analy- 
sis for our purpose, we had to get them 
ourselves. The data we have are in- 
dicative. They are not sufficient to form 
the basis of unassailable conclusions, 
but we believe they show which way 
the wind blows. 

We set about to measure the most 
obvious thing — does music in the fac- 
tory influence the production rate? All 
the charts here presented were drawn 
from data taken imder controlled con- 
ditions. No figures are used where 
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Before Music Af -fe r Music 

Flguit 3, left: Effect of music over several weeks 
Figure 4, above: Another result over several weeks 


there were significant changes in 
weather (temperature, humidity, light), 
or ventilation, or noise, from day to 
day; or where there was other than 
normal labor turnover, or any labor- 
management quarrel; or where there 
was any plant change in terms of ma- 
chine arrangement or color, or any 
variation in the process or the product. 

Figure 1 shows the unit output per 
employee, plotted against time. The 
dotted curve shows a day without 
music, the solid curve a day during 
which music was used. The conditions 
prevailing on the two sample days were 
identical in temperature, humidity, 
ambient noise level, ventilation. The 
group consisted of 16 experienced em- 
ployees. Both curves are erratic, but the 
horizontal line which defines the total 
area under the curves is considerably 
higher where music was used than 
where it was not. The difference 
amounts to 6.25 percent, based on the 
average before music. In more than 
75 percent of the measurements of this 
sort in all the factories studied, we have 
found the area under the curve, or total 
production, to be greater when music is 
used than when it was not used. 

Figure 2 shows the total production 
per 100 man hours during two typical 
weeks, one before and one after a music 
installation was made, and represents 
the average for a group of approxi- 
mately 100 employees of all degrees of 
experience. The difference amounts to 
11.4 percent. 

Figure 3 shows what happens to pro- 
duction when musical installation is 
made. Each block represents the aver- 
age production per 100 man hours in 
one week. In only one week was the 
average production lower after music 
was used than during the control week 
before musical installation. 

Figure 4 shows a similar result in an- 
other factory. In the case of the latter, 
the operation studied was one requiring 


a very high degree of manual dexterity 
and a sense of timing. Employees were 
on piece work as in the case of Figure 
3. The average difference is 4.07 per- 
cent. Each line represents a week, and 
the blocks show the average during the 
periods of study. 

These charts would seem to indicate 
then that music makes work go faster 
and, since all the foregoing graphs were 
made where piecework prevailed, the 
employees profited by the changes in- 
troduced by the music 

A CONCOMITANT of the production rate 
is the problem of Monday absences 
and early departures with which some 
industries have to contend. Figure 5 
shows what happened in a plant where 
the employees were on piecework and 
where they got tired and went home 
early, before the musical installation 
was made, did not do so much of 
that when there was music to listen to 
The graph shows two sample weeki. and 
an average before the musical installa- 
tion; and four weeks and an average in 
which music was used. 

Figure 6 shows what music does to 
Monday morning absences The lines 
show the percentage of absences per 
week for four average weeks before, 
and four after mu.sic installations were 
made; and the blocks show the four 
week averages. 

In the case of all graphs, of course, 
averages have been computed from a 
base of a similar total number of em- 
ployees. No data are included which 
are not based on identical plant, 
metereological, noise, and light condi- 
tions. 

Having answered definitely, though 
for not too many factories, the question 
of what music does to the production 
rate, we set about examining the kind 
of music and when it was played Pro- 
gramming is, as may be deduced from 
the laboratory data on auditory stimuli. 


of great importance. It is now practised 
in conformity with theatrical principles 
plus observation and experience. These 
serve well as a starting point, but are 
not susceptible of being weighed, meas- 
ured, or analyzed by statistical means, 
and there is a considerable divergence 
of opinion among those who arrange 
programs on the question of the num- 
ber and length of playing periods; the 
relative values of associative and non- 
associative music; the value of popular 
Jitterbug versus classical music; the 
relative value of vocals and instrumental 
music. 

It is generally accepted practice, how- 
ever, to limit playing time to not more 
than 2^ hours per day, in periods of 
12 to 20 minutes. Marches for opening, 
and marches and popular foxtrots for 
change of shift or closing time, are 
most generally preferred Music during 
the last 20 minutes? of work period is 
generally not employed since it might 
be taken as a signal to get ready to go 
home Special radio programs, especially 
those planned for music in industry, 
are occasionally used “Deep in the 
Heart of Texas” is out. It stops all work 
in the United States and in England 
because, naturally enough, the em- 
ployees feel obliged to drop all work to 
join in the hand-clapping in the chorus 
The “Strip Polka” is shunned for obvi- 
ous reasons Hymns are said to be in 
considerable demand on Sunday in 
some factories, though it has been ob- 
served elsewhere that hymns can stop 
work about as fast as a fire gong. 

Luncheon periods are considered the 
most flexible in programming and often 
carry recorded messages to the folks 
back home from the men in service, 
bond sales talks, news reports, hot 
numbers for the jitterbugs, salon music 
alleged to aid digestion, request num- 
bers, and so on. Some factories ban 
vocals during work periods, others like 
them. 
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Employee 4emand for mtiaic rises at 
night, and music is a source of comfort 
during blackouts. One factory played 
*^ake Me Out to the Ball Game” as 
the World Series started, and announced 
the score every third inning. 

It is obviously impossible to make the 
value of many of these program ele- 
ments the subject of statistical analy- 
sis. But the mere diversity of ^e 
opinion and material seems to indicate 
that one kind of program ought to be 
better than another, especially in the 
case of a specific set of conditions or 
type of operation. 

So far as I can discover no one has 
gone down to bed rock on the subject. 
The empirical development of a system 
of programming would be all right if 
records of results were kept. The de- 
velopment of a program from psycho- 
logical and physiological data at hand 
is another approach to the problem of 
programming. 

W c HAVE been able to undertake only 
one experiment in this field de- 
signed to demonstrate that a musical 
program planned for a specific purpose 
can accomplish that purpose, llie fac- 
tory has had music for six months. 
Programming was provided by the or- 
ganization which installed the distribu- 
tion system and was, so far as we were 
able to evaluate it, a better dian aver- 
age program. It consisted of numbers 
especially arranged and recorded for 
industrial use, was arranged on the basis 
of experience and observation, and re- 
produced with high-fidelity equipment. 

We were unable to obtajp any pro- 
duction figures of our om for the 
period before music. However, we went 
back to some records which the com- 
pany had kept approximately one year 
before this experiment took place, and, 
although we cannot vouch absolutely 
for the conditions obtaining at that time, 
we believe that Figure 7 provides 
a fairly representative picture of what 
their production curve looked like at 
that time. The i^erage here is 72 per- 
cent As the subsequent graphs will 
show, there was an increase of 8 per- 
cent vrith the installation of music, and 
14A percent^ with a planned test music 
program. 

l^e production curve, Figure 8, 
idiowed a reasonably uniform pattern 
involving a idiarp dip at approxfanately 
2:15 in the afternoon. The test program 
was planned with the sole purpose of 


knocking the bottom off the 2:15 dip. 
Figure 8 Is based on a typical day with 
the standard program and Figure 9 
a typical day with the test program. 
On ^e second chart the 2:15 dip has 
been reduced approximately 20 percent, 
also the total ^y*s production (area 
under the dotted line) has been in- 
creased in the case of ^e test program 
6.8 percent. This would seem to bear out 
a theory to which I have long sub- 
scribed, which is that, while music is 
better than no music, programming 
will not be satisfactory until it is imder^ 
taken on the basis of a careful analysis 
of the results it gets. More statistical 
analysis of factory performance should 
teifeh us much. 

1 believe that programming must 
ultimately be imdertaken for the fac- 
tory, if not for the specific operation. 
Fati^e curves vary in shape and am- 
plitude, and it is difficult to find one 
remedy for dips occurring at different 
times in different operations. We have, 
at least, established the fact that the 
remedy exists and the technique for 
employing it is in hand. 

>^ether we like it or not, music in 
industry appears to be here to stay and 
bids fair to be of increasing importance 
as time goes on. It has been indorsed 
by responsible officers of both the A.F. 
of L. and the CJE.O. Factory sound in- 
stallations are now mandatory in Eng- 
land. This is primarily to avoid loss of 


time in the case of air raids by not call- 
ing the employees out until the last 
moment, but so far as I can discover, 
more factories appear to use the sys- 
tems for music than do not. Numerous 
radio stations here and in England 
carry musical programs planned for 
broadcast to factories. Once the sound 
system is in, music comes in with it. 
The number of factories employing 
music in this country grows so rapid- 
ly that statistics of this week are no 
good next Installations progress and 
programming improves. Music works 
but we still have a long distance to go 
before we can make the work sing. 

Little of the music used in the fac- 
tory is germane to the endeavor it ac- 
companies. The work song took not only 
its ihythm but its mood and lyric from 
the work operation. The transcription 
carries something composed for the con- 
cert hall, the stage, or the night club. 
At best, it is only adapted to industrial 
use by reorchestration and arrangement. 
When the composer starts to think of 
his work as being first and oftenest per- 
formed in a factory, before people who 
are working while they listen; when 
he proceeds as some composers are al- 
ready doing, by treating proved audi- 
tory emotional stimuli according to 
musical pattern; when he sets himself 
the task of making the work sing, then 
we may well have a musical idiom 
which is something new on earth. 
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Felt Goes To Work 
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Altoraato Applications Will Find Porauinonco in Post-War DaYS 

By WORTH COLWELL 


M onths before our entry into World 
War 11 it became apparent that 
shortages of certain vital materials 
would be inevitable, and industry began 
to look around for products that would 
take the place of such necessities as 
rubber, cork, leather, rope fiber, tin, 
shellac, and certain plastics requiring 
critical chemicals in their processing 
or manufacture. As defense plans in 
December 1941 suddenly evolved into 
a gigantic offensive program, the de- 
mand from a multiplicity of ^versified 
sources swelled to astronomical propor- 
tions. One of the answers to this de- 
mand was found in wool felt, a com- 
monplace, unspectacular, natural-fiber 
fabric— in fact, the oldest fabric known 
to man. Through intensive research and 
experimental effort, thb old-new ma- 
terial is now finding uses in many ways 
that were unexplored before pressure 
was brought to bear. 

Felt has thus become an important 
alternate and complement for many 
vital substances, especially rubber. And 
because of the successful applications 
that have been found for the material 
alone and in combination with other 
substances, wool felt now is regarded 
as a factor to be considered in the post- 
war economy ahead; in many cases it 
has proved superior to the material 
which it supplanted. 

Just how many civilian and military 
uses there are for this product is not 
known precisely. Certainly no other 
material manufactured from natural 
fibers finds so many ways to make it- 
self useful in mechanical and Industrial 
fields. Throughout the ages it has been 
valuable for clothing and shelter, but 
modem minds carry its employment 
much further. Because of its structure, 
it is useful for cushioning, filtering, 
wicking, vibration-isolation, lubrica- 
tion, sound-deadening, heat insulation, 
grinding and polishing, packaging, and 
other applications in o^er and more 
specialized fields. 

Felt is now rendering service in 
thousands of recentlv discovered wavs, 
rantfing from tiny filters in hypodermic 
needles to washers in block busters and 
t>adding for Flving Fortresses and am- 
phibious •Dudtt • Xt becomes cuiA- 


ionmg for gun- turret mounts, insulation 
against vibration in fighting planes and 
tanks, and gaskets for gas-masks. In 
desert fighting felt keeps fine sand out 
of airplane engines. 

Definite but differing reasons have 
led to the selection of felt for canteen 
covers, pack saddles, and ammunition 
cases. It has kept millions of pairs of 
feet warm through the centuries, and 
still is doing the same job. Aviators’ 
helmets are lined with felt and the 
Navy North Atlantic Patrol, Coast 
Guard, and other service branches use 
combination felt masks and helmets in 
inclement weather. Recently, United 
States Army research in arcfic Alaska, 
as well as civilian experiment, revealed 
once more the meritorious properties of 
wool felt for keeping troops warm. 


Many industrial uses for felt have re- 
sulted from recent experiments, as, for 
example, in the elimination of vibration 
in factory buildings and other struc- 
tures. This does not mean merely pre- 
vention of damage to machines, walls, 
and fioors; eliminating vibration and, 
hence, noise, improves workmanship, 
morale, and health of employees. 

Because of its porous structure, felt 
can be made into consistencies which 
are effective for heat and sound insula- 
tion, and it reduces resonance by ab- 
sorption when applied as a surfacing 
material, as in the lining of airplane 
fuselages and cabins. A blend with 
kapok fiber for such linings provides 
excellent thermacoustic properties. 

Quite a different type of mechanical 
use for felt depends upon its capillarity. 
All sorts of motors— in electric fans, 
electric razors, and so on — are lubri- 
cated with felt wicks. Ink for automatic 
printing equipment is fed in this way, 
and numbering machines, postage 
meters, and telegraphic printing instru- 
ments use felt for the same reason. 

Sealing of ball bearings against mois- 
ture and abrasives and preventing leak- 
age in oil pistons, grease guns, universal 
drive-shaft housings, and various other 
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units is accomplished by the use of felt. 
Millions of bearings are literally sealed 
for life by felt washers backed with a 
layer of synthetic material. The felt 
forms an oil reservoir and distributor, 
due to its natural wicking properties, 
while the impervious backing acts as a 
dam to exclude grit and moisture. 

T hen, too, the fibers and interstices In 
certain grades of felt are so fine that 
they are useful in Altering liquids such 
as alcohol, gasoline, electroplating solu- 
tions, latex, and so on, in both gravity 
and pressure equipment. Non-reactive 
tendencies make it desirable for Alter- 
ing fruit syrups. It has important surgi- 
cal applications, too, as in blood trans- 
fusion apparatus, and finds wide use in 
respirators and industrial dust masks. 
It enjoys a high rating for removal of 
lead particles and other solid impurities 
in the air. 

Another important virtue of felt is 
that it can be readily combined with 
certain natural and synthetic substances 
such as cotton, rayon, kapok, plastics, 
silk, jute, hair, and so on. Coating felt 
with a film of synthetic rubber proofs 
it against absorption of oil, water, and 
acids. Such rubber-coated felt pads 
often weigh only about one third as 
much as similar pads of molded rub- 
ber, an important factol'^in airplane 
construction. Impregnation and lamina- 
tion of felt with plastics gives the de- 
sirable toughening qualities of felt to 
the combination. 

There are two general classes of felt 
parts which are acceptable under gov- 
ernment specifications as alternates for 
rubber parts. One is a felt part, identi- 
cal in form and dimensions to the origi- 
nal, which has been impregnated with 
rubber or a rubber-like plastic mate- 
rial. The jiher is that in which the part 
has been coated, usually by a simple 
dipping operation. A third development 
along the same line leads to molded 
rubier parts having a felt core. 


As familiarly known, 
wool felt is a springy, re- 
silient substance, but it 
can be processed to almost 
any consistency from the 
softness of thistledown to 
a surprising degree of 
haitlness. Unlike true tex- 
tiles, in which spim and 
twisted fibers are guided 
into a predetermined pat- 
tern by weaving or knit- 
ting, the fibers in felt 
are “teased” into an al- 
most self-selected ar- 
rangement, without dis- 
tortion of their natural 
twists and bends. 

In the highest grades 
of felt, clip wools and 
“noils”— the soft comb- 
ings of the sheep’s coat 
— such as those usually 
spun into yam, are used. 
(Felt hats are often made 
of rabbit, beaver, and 
other furs, sometimes 
with a percentage of 
sheep’s wool, depending 
upon the grade; but for 
industrial uses these furs 
are not employed to any extent, as they 
lack certain of the desirable qualities 
offered by wool.) 

In the manufacture of felt, the inter- 
locking of fibers Is obtained, under con- 
trolled conditions of pressure, tempera- 
ture, and moisture, by carding, harden- 
ing, and fulling so that they tangle into 
a three-dimensional fabric. The longer 
the pounding of the fulling process is 
continued, the more closely the fibers 
are compacted and the denser and 
stronger the product becomes. By re- 
peating the fulling operation, felt may 
be rendered hard as a wooden board, 
a consistency used in wheels for polish- 
ing plate glass and searchlight lenses 
and in numerous metal -buffing opera- 
tions. With less fulling, intermediate 
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gradations may be obtained, having 
resilience, which is useful for cushion- 
ing; controlled porosity, the property 
needed in wicks and filters; and 
warmth, a function of porosity due to 
the inclusion of dead air. 

A primary advantage of felt is that 
when cut in any direction, the edges 
will not ravel or fray. Consequently 
thousands of items, ranging from mili- 
tary insignia to com plasters, are simply 
cut from the goods at a single stroke 
of a cutting die, and when so chopped 
out are ready for use. Mechanical felts, 
such as washers, oddly shaped gas- 
kets, grommets", grooved channel, and 
round wicks from one-sixteenth of an 
inch to an inch in diameter, are in 
this way cut from roll felt to customers’ 
blueprint specifications. 'The accuracy 
of these operations is remarkable con- 
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sidering the nature of the material, as 
permissible tolerances are commonly 
expressed in thousandths of an inch. 

An important fact in connection with 
the use of felt as an alternate for other 
engineering materials, is its comparative 
and often complete immunity from 
many influences which are detrimental 
to substances formerly employed. Sun- 
light, ozone, strong acids, and petroleum 
derivatives are destructive to most rub- 


9 


bers, for exan4>ie, but do not injure 
felt because the wool of which it is 
composed is impervio\is to their in- 
fluences. 

Thus the multiple uses of felt derive 
from the inherent properties of sheep’s 
wool and from the variety of con- 
sistencies to which it can be processed. 
Wool felt, therefore, is sometimes called 
natural felt, to distingui^ it from felt- 
like products which are built up and 
bonded together by artificial means. 
Wool felt, by contrast, is composed ex- 
clusively of interwoven fibers, and when 
impregnated with another substance, 
the impregnation is for purposes other 
than binding. 

Undoubtedly felt is going to play a 
part of growing importance in the new 
world of mechanical products in the 
post-war era. The chief reason is be- 
cause it is chemically stable. Many 
products of chemical processing are 
subject to internal change, as time- 
tests and research reveals: some *’age,” 
as does rubber, whereas felt is different. 
It is a mechanical rather than a chemi- 
cal combination, produced from natural 
fibers whose important element, keratin, 
was stabilized by Nature before the 
parental fleece was shorn. This sub- 
stance is unaffected by manufacture 
and time has only slight effect upon it. 
Many relics from Egyptian tombs and 
other ancient caches bear witness that 
it lasts for ages. 




Photogrophy, An Industrial Tool 


Irasitind Film It Being AppUed lo New and Imperianl Uses, net Only 
in the Lakenlery bnl ler Contianl Checking ei PredncHen. The Spectre* 
graph, the Z*Bay. Phetemicregraphy, the PreBlegraph, and the Notion 
Pictnro All Find Applications 


By ALLAN PERRY 

E I <Ju Pont do Nemours nnd Company. Ino 


I N SIGNIFICANT and spectacular ways, 
photography is coming into its own 
in industry. Headlines have been ac- 
corded to such developments as mil- 
lion-volt X-ray radiographs, electron 
microscope pictures providing useful 
magnifications of 100,000 diameters or 
more, and the reproduction of “lofting” 
layouts printed on steel templates. Yet 
there are other new procedures, less 
publicized, which represent important 
uses of sensitized film as a tool of in- 
dustrial research and production. 

The spectograph, for example, is be- 
ing utilized increasingly in the labora- 
tories of the nation for making quick 
and accurate analyses of many sub- 
stances. By means of this instrument the 


light given off by burning a specimen 
of the unknown material is passed 
through lenses and prisms and made to 
form a “picture” of the various wave- 
lengths emitted by the burning mate- 
rial. Thus a fine-line spectrogram is 
produced, characteristic of each chemi- 
cal element. From this record the un- 
known material is analyzed in a matter 
of minutes compared with hours, if 
not days, required for ordinary chemi- 
cal procedures. The minutest trace 
of an element, such as a metallic im- 
purity too small to be analyzed by 
chemical means, is Instantly revealed. 
And the Information is definite and 
positive. 

Although proper interpretation of 
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spectrograms calls for a high degree 
of specialized academic training, many 
of Ae mechanical operations incident 
to making spectrographic pictures can 
be performed by a skilled technician 
who has little or no knowledge of the 
fundamental principles of spectroscopy. 
But all spectroscopic work calls for the 
utmost in orderliness and cleanliness, 
since contamination ol the sample by 
even a slight trace of “dirt” might give 
rise to highly misleading results. 

Operation of the spectrograph is 
simple. The specimen to be analyzed is 
placed in the cupped end of the lower 
of two vertical carbon electrodes. As 
the specimen is burned in the elec- 
tric arc, its characteristic light passes 
through a prism and the prismatic 
“colors” are registered on photographic 
film, not, however, as colors, but as 
narrow lines or bands corresponding 
to wavelengths of the radiations emitted. 
Interpretation of the clusters of fine 
black vertical lines-~each group repre- 
senting one or more spectral colors, 
and, therefore, the presence of a par- 
ticular element — is facilitated by com- 
parison with a standard spectrum 
scale. The relative positions of the 
dozens — ^possibly hundreds — of black 
lines tells the qualitative story. At the 
same time density or “blackness” of the 
lines yields quantitative information, 
which, for rapid work, is accurate to 
plus or minus 10 percent. With more 
care, however, the margin of error can 
be held down to around 2 percent. 

Shortly after a spectrograph was in- 
stalled at the Du Pont Experimental 
Station, the instrument proved its worth 
with a typical performance. At that 
time new equipment was being installed 
in a nearby pigments plant. Workmen 
were lining certain reaction vessels with 
lead of a supposedly high degree of 
purity, which, however, was acting 
badly. It would not “weld” properly 
and, although the manufacturer of the 
lead insisted his product was of the 
required purity, its behavior indicated 
otherwise. A specimen was taken to the 
spectroscopic laboratory. Within 20 min- 
utes it was foimd that the lead con- 
tained both tin and antimony in detri- 
mental amounts, and it was the pres- 
ence of these two unwanted metals 
which caused the trouble encountered 
by the “lead burners.” Ordinary chemi- 
cal analysis might have held up lining 
this essential equipment for days, and 
even then it is doubtful whether the 
chemist could have told the entire story, 
unless very large samples were used, 
since only small amounts of the con- 
taminating metals were present. 

Excellent for such detective jobs, only 
a short time later the spectrograph 
tracked down the source of traces of 
manganese contaminating a chemical 
product. Inadvertently, so it proved, a 
piece of welding rod of the wrong com- 
position had been used in making the 
welded seam of a piece of plant equip- 
ment. This error— due probably to im- 
proper labeling of the welding rod— re- 
sulted in manganese contamination. 

In the applications of X-rays to in- 
dustry, the most familiar branch of the 
science is called radiography. Different 
materials absorb X-rays in varying de- 
grees. As these rays penetrate, a 
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^'shadowgraph** is registered on film, 
showing the shadows of structural de- 
tails or cracks and hollow spaces in 
welds and metal castings. 

It is but a logical step to team up X- 
rays with magi^cation. Yet this step 
was taken with difficulty since there 
exist no lenses, comparable with the 
lenses of a microscope, for the enlarge- 
ment of X-ray images. Micro-radiog- 
raphy must rely, therefore, on micro- 
scopic enlargement and photography 
of ^e image recorded in the developed 
silver emulsion of the original X-ray 
film. Relatively little attention has been 
paid to micro-radiography as a method 
for industrial testing and research, yet 
it has great inherent possibilities. 

Ehilargements up to 300 diameters 
without loss of detail are now being 
produced in research laboratories and 
in testing many important war mate- 
rials, especially alloys. This new tech- 
nique depends on an extremely fine- 
grain emulsion, together with the em- 
ployment of radiations of two or more 
wavelengths. That is, the radiographer, 
using an ordinary difiraction X-ray ap- 
paratus, chooses certain waveleng^ 
which will give suitable differentiation 
between the metals in any given alloy 
specimen. For example, certain bronzes 
have been succesirfuUy micro-radio- 
graphed using die characteristic radia- 
tions of molybdenum and Copper. 

The advantages of this tecl^que are 
several. A three-dimensional view of a 
specimen is obtained, compared with a 
two-dimensional view obtained by ordi- 
nary i^otomicrography. An instalice 
of ^e value of such an image is well 
illustrated by the revelation of an Im- 
purity in very large grains of silicon 
steel for heavy duty electrical use 
which was mis^ entirely on pholo- 
micrographs of the metal surface. 


Another t 3 rpical micro-radiograph the smoothness of surfaces. This ma- 
shows- copper in layers in an age-hard- chine is so sensitive that it can be made 
ened aluminum all<^ for aircraft when to recotd even sub-microscopic "rough- 
the copper, to give satisfactory per- ness** of surface contours. A “profilo- 
formance of the alloy, should have been gram” of a smooth plastic sheeting, for 
in solid solution. Still another applies- example, has the appearance of an out- 
tion revealed cracks in cartridge brass line of a mountain range, 
resulting from improper seasoning or Roughly, the profilograph comprises 
annealing operations— a long recognized a vertical pinpoint with mirror attach- 
and dreaded type of failure. ment, under which the surface to 1^ 

Prol G. L. Clark, of the University examined is moved slowly, in a lateral 
of Illinois, who devdoped the technique direction. A ray of light from a toed 
involving the tise of an ordinary X-ray source strikes the mirror attached to 
diffraction tube instead of the very soft the pinpoint and is reflect^ to a distant 
radiation used in earlier work, has scale, forming what is known as an 
demonstrated the value of micro-radiog- "optical lever.” As the surface under 
raphy not only in a wide variety of al- investigation is moved slowly under the 
loys but in many other materials. Metals pinpoint, whidi is free to rise and fall 
such as tungsten, which are most diffi- with surface irregularities, ihese varia- 
cult to use in photomicrography, lend tions are recorded by the light ray fall- 
themselves to this method. Ceramic ma- ing on film; 

terials, minerals, powders, fillers in rub- Visual education, with movies as text- 
ber and plastics, bone structure— espe- books, is being employed to great ad- 
cially in the cases of lead poisoning— vantage in training our Army faster 
soil and clay sections, fillers in paper, than ever before in history. Industry 
and foreign particles in insulators all also is educating hordes of new workers 
have been successfully subjected to this to their production tasks with training 
technique. films. 

Sensitized film plays a part in a use- From the first day in camp for the 
ful instrument known as the profile- raw recruit to the time he starts his 
graph, a device oa|ilfi>le of measuring schooling as a tank repairman, a bar- 
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rag» balloon crew member, or Juat as 
a smart infentryman, he goes often to 
the movies to learn his Job. 

Prints by the hundred* of each train* 
ing film, as factual and accurate as 
Hollywoc^'s are make-believe and glam- 
orous, are sent to camps all over the 
nation, and to posts abroad from Ice- 
land to Australia, where they are shown 
and reshown, studied and restudied. As 
much as 40 percent of training time has 
been saved when men see as well as 
hear their lessons. 

Seeing is believing— and understand- 
ing. The Army knows that a recruit 
can be told over and over again the wis- 
dom of digging a fox hole quickly and 
deep, that German bobby-traps cell for 
extreme caution, but in combat ex- 
citement the soldier is prone to forget, 
especially die first time, which, unfor- 
tunately, may also be the last time. 
Therefore, experts are filmed showing 
not only what to do, but what happens 
through failure. 

Loiddng ahead to the post-war world, 
it may be said diat the wartime use of 
motion pictures in plants and among 
the services to teach will have far- 
reaching effects. Peacetime educators 
long since recognized that the written 
word is subject to the personal inter- 
pretation of the individual, and oral 
instruction likewise becomes adulter- 



Everydar alaments la the electric arc at teea by the tpectoqroph 


ated, but the motion picture impresses process is put into play when a me- 
the original form and meaning. chanical drawing, made on metal coated 

Numerous other examples of film as with a fluorescent lacquer, is exposed 
an industrial tool might be cited. More to X-rays placed in contact with the 
familiar procedures would include the sensitized sheet. The result is a pho- 
X-raying of castings to detect flaws, tograph of the drawing, having the same 
also microcopying for the preservation, size as the original. Tedious re-draw- 
economical storage, and easy transpor- ing by hand as well as die possibility 
tation of blueprints and documents, of human error is thus eliminated. 

New 18 the method of making a photo- Truly photography has come of age; 
graphic ‘‘plate** by sensitizing one sur- the day is at hand when sensitized film 
face of structural sheet metal with Joins company with man*s major in- 
emulsion. Already in use in aircraft ventions for producing things faster, 
factories, this production time-saving cheaper, and better. 


• • • • 
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Vsei ia rtaairlts lir 
NaUaf Casttafs 

Hanp or mechanical ramming and 
tamping of sand to form foundry cores 
is being rapidly replaced by modem 
core-blowing machines which turn out 
cores of more accurate dimensions 
much faster and with far greater re- 
sistance to injury or damage during 
handling. 

Cores to give desired inside dimen- 
sions and shapes in many products are 
absolutely necessary. Due to different 


shapes, contours, and the necessity for a 
solid outer surface, it would not be 
possible to drill or ream out inner 
cavities. Cores, therefore, of solid char- 
acter must be a part of the casting 
pattern. These cores, due to the small 
opening of the completed casting, could 
not be removed after the casting is 
cooled if they wef^e made of one solid 
piece. Thus sand is blown by com- 
pressed air into a core mold, and, be- 
cause of dry binders, core oil, and 
moisture, this sand packs together in a 
smooth, comparatively hard-surfaced 
core. After the metal has been poured 
between this core and the outer mold 


and the casting cooled, the sand can be 
removed by pulverizing and used again 
after conditioning in another core. 

To produce satisfactory cores for this 
type of casting, compressed air must be 
supplied in adequate volumes, at con- 
stant pressure, and free from excessive 
moisture. The most commonly used 
blowing pressure for core molding is 
from 100 to 120 pounds at the machine. 
Small cores, on the other hand, are suc- 
cessfully blown at pressures as low as 
90 pounds. 

One of the dramatic applications of 
compressed air in war production foun- 
dries is found in the manufacture of 
aerial bombs. Cores for these bombs 
are made in quantities and in many dif- 
ferent sizes by core blowing machines 
and air compressors. 

CJUPSinJC-TABLET 
Hu Alvaatagts la 
fitaialstsriaf fitaMiu 

Vitamin preparations and concentrates 
can be administered with greater ease 
and efficiency in a new capsule- tablet 
used by Lederle Laboratories for its 
products of the kind. 

The new dosage unit consists of an 
emulsion of the vitamins in gelatine, 
each unit being subsequently coated 
with a seamless, leakproof outer layer 
of plain gelatine. Important advantages 
lie in the fact that the oily vitamin mix- 
ture exists in tiny droplets fiirmly em- 
bedded in the gelatine mau and hence 
cannot escape, as it would through any 
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flaw In the gelatine ooatliig of the tisual 
capsule. Fu^ermore, the dose is re* 
leased gradually as the gelatine dis- 
solves and in ir^itesimal droplets, the 
preferred form for assimilation. No large 
drop of oil is suddenly released, as with 
gelatine capsules hitherto used, to cause 
eructation and impleasant aftertaste. 
The final protective coating of gelatine 
surrounding the particle of emulsion--- 
thinner than that required to hold oil— 
is extremely slippery when moist and 
slides easily down the throat. 

m-IJUL TKMIML 

naaati is laalls JUl Traasfsrtstlsa 

Fadliliss la NM-Wsd 

Plans for a $25,000,000 mid-continent 
air freight and passenger terminal at 
Oklahoma City to provide coordinated 
post-war facilities for handling high- 
way, rail, and air traffic at the geo- 
graphical center of America’s transcon- 
tinental airways were annotmced re- 
cently. The program, which is to be 
financed entirely by private and local 
funds, calls for a terminal layout cover- 
ing six square miles, within nine miles 
of the city’s business center, and a 
seaplane base on a 2500 acre lake. 

I^elimmary plans already completed 
by the Austin Company, designers and 
builders of the country’s largest aircraft 
plants and airports here and abroad, 
call for the construction of two 11,000 
foot runways, 500 feet wide, to serve 
glider tow-trains and planes carrying 
up to 400 passengers or 160,000 pounds 
of freight. Four other runways for com- 
mercial planes, a civilian flying field, a 
helicopter base, a passenger terminal 
with 100-room hotel, and hangers would 
complete the aviation facilities. 

Railroads and truck lines will enter 
the terminal on a level below the apron 
devoted to loading cargo planes, for 
direct transfer of mail and freight be- 
tween land and airborne transports by 
gravity conveyors and elevators. Private 


motorists and motor buses, as well as 
interurban transit lines, will have direct 
access to the passenger terminal 
through traffic arteries paralleling the 
rail and truck fecilities. 

Mun misE 

Caa be Alalsi If " 

Csirtcl isfifa 

Roxse in Diesel engine exhausts is 
caused by longitudinal oscillation at 
acoustic velocities of gases which snap 
like a teamster’s whip unless checked, 
while noise in Diesel blowers can be 
silenced by eliminating easy modes of 
vibration, according to Ralph L. Lead- 
better, of Burgess Battery Company. 

Mr. Leadbetter, addressing the Diesel 
Engine and Fuels and Lubricants Meet- 
ing of the Society of Automotive Engi- 
neers, warned that application of a 
braking effort to gas oscillation in the 
exhaust line may interfere with proper 
scavenging and recommended a ^’snub- 
ber” having a volume of approximately 
40 times the volume of gas discharged 
into the exhaust pipe with each pulse 
from the engine. 

Silencing the air intake was said to 
call for preventing noises due to vibra- 
tion of housings and for quieting the air 
inlet opening, the scavenging pump, or 
the blower. Mr. Leadbetter suggested 
that the blower housing could be lami- 
nated as an expedient, but should be 
constructed either in sections or with 
ribs cast integral with the surfaces, to 
prevent ringing. 

COLOl NATCini 
CsMtillafe Wsrk Aiiti 

If Elsctrealc Device 

VITAL role in helping our fighting 
forces to deceive enemy observers is 
being played by General Electric’s re- 
cording spectrophotometer, which is 
described on page 256 of this issue. The 


instxument is being used to match 
camouflage colors so that they cannot 
be detect by the enemy^s infra-red 
cameras. 

Camouflaging, an art which depends 
on die use of color, suffered a major 
setback when the infra-red camera 
was developed. Infra-red light, which 
is not visible to the human eye, can be 
photographed on special film. Thus, 
two objects which to the eye have the 
same color may photograph differently 
with file special film, due to different 
amounts of infra-red received from 
them. This means that the camouflage 
artist cannot judge from the appearance 
of a color how it will look to the infra- 
red camera. 

But the spectrophotometer, an elec- 
tronic machine, has now come to the aid 
of the camoufiager. It gives him a 
measure of color — ^both visible and in- 
visible — ^which puts him on an equal 
footing with the infra-red camera. For 
by determining the amount of light 
on infra-red wavelengths that is re- 
flected by any paint or other material 
he wants to use, he can tell what effect 
that material or color will have on the 
plate of the infra-red camera. 

cmraESSDis fdi expldsiyes 

FrOMtisa si Xilrie Adi 
Rtgalru Hi|l Prtssmt 

Air compressors are vital in the manu- 
facture of explosives, being used in 
many of the involved steps in the pro- 
duction of nitric acid, obtained from 
synthetic ammonia. 

In the process of nitrogen fixation, it 
is necessary first to obtain a supply of 
various gases In their free state. This is 
normally accomplished by burning 
natural gas in a reducing atmosphere 
or from a coke-gas plant. The raw gas 
that is obtained from these plants nor- 
mally consists of nitrogen, hydrogen, 
carbon-dioxide, carbon-monoxide, and 
certain other small impurities. It is 
necessary to remove all components ex- 
cept the nitrogen and hydrogen from 
this mixture so that these two gases 
can be combined synthetically into an- 
hydrous ammonia for fixation of the 
nitrogen. 

The carbon-dioxide is normally re- 
moved under a pressure of approxi- 
mately 200 pounds per square inch by 
means of scrubbing the gas through 
a water tower, with the carbon-dioxide 
being absorbed in the water in a dis- 
solve state. The carbon-monoxide is 
removed from the gas in a second scrub- 
bing tower under a pressure of approxi- 
mately 2000 pounds per square inch by 
the use of an axnmoniacal cuprous cop- 
per formate solution. After ^ese gases 
have been removed the remaining 
product, consisting of nitrogen and hy- 
drogen, is then compressed to a pres- 
sure of approximately 5200 poimds at 
which pressure it is exposed to a cata- 
lyst and, through the addition of heat, 
a chemical combination takes place re- 
sulting in synthetic gaseous ammonia 
whldt is then condexi^ by refrigera- 
fion to an anhydrous ammonia ’State. 

Only, a porfion of the gas passing 
throu^ the catalyst is actually con- 
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/Mistjer-you're getting paid in DYNA/VIfTEl 


I ET*8 NOT KID OURSELVES about this. 
J Our pay envelope today u dynamite. 

If we handle it wrongs it can blow up in 
our face . . . lengthen the war . . . and 
maybe wreck our chances of having 
happiness and security after the war. 

The wrong woy to hondlo if . . .ond why 

The wrong way is for us to be good-time 
Charlies. To wink at prices that look 
too steep . . . telling ourselves we can 
afford to splurge. 

We cant afford to—whether we*re 
business men, farmers, or workers. And 
here*s why: 

Splurging will boost prices. First on 
one thing, then all along the line. 

Then, wages will have to go up to 
meet higher prices. And higher wages 
will push prices up some more . . . faster 
and faster, like a runaway snowball. 

The reason this can happen is that 
there is more money in pay envelopes 
today than there are things to buy with 
it. This year, we Americans will have 
45 billion dollars more income than there 
are goods and services to buy at present 
prices. 45 billion dollars extra money! 

That's the dynamite! 

The right way to handle it . . .and why 

Our Government is doing a lot of things to 


keep the cost of living from snow-balling. 

Rationing helps. Price ceilings help. 
Wage-and-rent stabilization helps. High- 
er taxes help. They're controls on those 
dangerous excess dollars. 

But the real control is in our hands. 
Yours. Mine. 

It won’t be fun. It will mean sacrifice 
and penny-pinching. But it's the only 
way we can win this war . . . pay for it 
. . . and keep America a going nation 
afterwards. 

And, after all, the sacrifice of tighten- 
ing our belts and doing without is a 
small sacrifice compared with giving 
your life or your blood in battle! 

Hare’s what You mutt do 

Buy only who# you abtolvf^ly nood. And 

this means absolutely. If you're tempted, 
think what a front-line soldier finds he 
can get along without. 

Ooni €ttk higlmr prk%$^for your own 
labor, your own services, or goods you sell. 


Resist pressure to force YOUR prices up. 

Buy rafhn9d good$ only by 9 xchanqhg 
$famp$. Shun the Black Market as you 
would the plague. 

Don’t pay a cant abova eaiUng prka§* 

Taka a grin-and^iaar^t attftvda on toxas. 
They must get heavier. But remember, 
these taxes help pay for Victory. 

Pay off yourdabt$. Don't maka naw ona$. 
Getting yourself in the clear helps keep 
your Country in the clear. 

Stort a savings account. Buy and kaap up 
adaquata Ufa Insuranca, This puts your 
dollars where they'll do you good. 

Buy mora War Bondi, Not just a ‘‘per- 
cent” that lets you feel patriotic, but 
enough so it really pinches your pocket- 
book. 

If we do these things, we and our 
Government won't have to fight a post- 
war battle against collapsing prices and 
paralyzed business. It's our pay envel- 
ope. It's up to us. 


KEEP PRICES DOWN! 


Use if upnWaorIt out 
Maka it do • Or do without 


This advertisement, prepared by the War Advertising Council, Is contributed 
by this Magazine In co-operation with the Magozine Pi^blishers of America. 
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verted to tynthetic ammonia. It if 
necessary, therefore, to install special 
high-press\ire circulating compressors 
to take the uncombined gases from the 
system after passing through the cata- 
lyst and for recompressing to a pressure 
equivalent to that of the raw gas being 
pumped to the catalyst chamber. 

A normal present-day synthetic am- 
monia installation is designed for the 
production of 300 tons of synthetic am- 
monia per day and involves approxi- 
mately 22,000 horsepower of high-pres- 
sure compressors and circulators. In ad- 
dition, approximately 5000 horsepower 
of compressor capacity is required to 
furnish the necessary refrigeration for 
regenerating the solution iised in the 
removal of the carbon-monoxide as well 
as for other steps in the process. 

An additional amount of low-pressure 
air at approximately 50 pounds pressure 
is used in the regeneration a'nd sta- 
bilization of the solution for the re- 
moval of the carbon-monoxide. 

S 3 mthetic ammonia is then applied to 
the manufacture of nitric acid bv burn- 
ing the ammonia gas with air, the by- 
product being dissolved in water for 
the manufacture of nitric acid. Nitric 
acid is normally made at a pressure of 
approximately 50 pounds per square 
inch. This acid can then used for 
manufacturing TNT, ammonia picrate, 
or many of the other explosives — Data 
from The Compressed Air Institute, 

WOBEEir EYES 
Art Itctlvlaf iacrtasiaf 
AHtailta b bdatlry 

Increasing attention to the ^ual quali- 
flcations of employes is wport^ in 
many manufacturing industries, accord- 
ing to the Better Vision Institute. Not 
only do many plants require workers to 
tune up their eyes when necessary, but 
steps are taken to coordinate eyes and 
Jobs. 

One New England plant engaged in 
war production requim tests to deter- 
mine how the eyes will function on the 
Job. Besides being examined for visual 


acuity, eyes of some workers are 
studied to see if they see design lines 
accurately, and if they see dimensional 
lines of machines and parts in correct 
proportions. Such visual qualifications 
may have an important bearing not only 
upon accuracy of workmanship, but also 
safety. Other workers are tested for 
th^ visual ability to identify metals 
and alloys from appearance. Skilled 
metal workers frequently are able to 
determine properties of a metal from 
visual inspection. 

AElNAli BIMB 

Nay la Nils Available 

Far Bnaa Traasbsisas 

Eitorts to render blood of animals 
suitable for human transfusions are 
being made by Professors Frank W. 
Putnam and Hans Neurath, of Duke 


University, according to a paper read 
before the American Chemical Society 
recently, in the paper it was pointed out 
that protein molecules have a coiled 
structure which can be loosened or 
.tightened by suitable manipulation with 
certain organk substances sudi as urea 
to modify their chemical nature and 
hence their disease-curing effects. 

It has been discovered by Drs. Neu* 
rath and Putnam, in experiments on 
animals, that various proteins, including 
blood serums, lose their sho^-causing 
properties alter such treatment. 

Investigation has shown that syn- 
thetic soaps are most effective in mc^l- 
fying the chemical nature of these pro- 
teins. Experiments are under way to 
learn whether they may serve as a 
means of treating blood proteins to 
avoid the serum-sickness that is always 
a risk in immunizing sensitive persons 
against certain diseases. 

These experiments, conducted in 
laboratories at Duke, are part of the 
more general problem of invesUgating 
factors which cause proteins to produce 
anti-bodies when injected into human 
beings for therapeutic purposes. 

ITEEL 116HWAT 
Exptrimtalal tlrip isst 
bterbcktifirii 

The possibility that American mo- 
torists may be zipping over steel high- 
ways soon after the war loom as a re- 
sult of an experimental installation of a 
steel roadway strip on a Connecticut 
highway. The installation, while only 48 
feet long and 22 feet wide, is expected 
to provide the answer to the practica- 
bility of entire roads based on a steel 
grid. 

The experimental project is a joint 
venture by the town of Darien and the 
Irving Subway Grating Company, 
creator of the steel-type roadway. This 
^'armoring” of highways is an off-shoot 



Api^yteg oil to Iha slaelqiailBg hh^msf teat stilp 
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ol th« teehniqiM employed at battle* 
frmta in laying down landing mate for 
the air torces* 

The Irving Company has experi* 
mented with and developed for 30 years 
variotis tsrpes of steel floor surfacing 
applied to factories, power plants, and 
bridges. More recently, at a Long 
Island City testing grounds, Irving engi- 
neers have experimented with steel 
surfacing of truck roadways in and 
about roadway plants. In these experi- 
ments such roadways have proved dur- 
able and quickly and easily laid. 

Sponsors of the highway project feel 
that it is highly signifiesnt— that if it 
proves successful, it may well set the 
pattern for a network of steel second- 
ary roads throughout North and South 
America. The technique calls for inter- 
locking steel grating panels, each 2 feet 
by 12^ feet; filling the mesh with ordi- 
nary construction sand; and then apply- 
ing a coating of road oil. 

cimi um 

9ss4 la Dssirtylallai Ballii 
Tt laorsast lariasss 

Less than one ounce of a new chemi- 
cal per gallon of copper electroplating 
solution reduces by one third the 
copper required for electrotype print- 
ing plates, and cuts in half the scrap 
resulting from manufacture of these 
plates. The chemical so increases the 
hardness of the copper deposit that a 
much thinner layer will give equal ser- 
vice. It allows a poimd of copper to 
cover one third more square inches of 
surface; it also assures a smooth finish, 
and speeds the plating of the electro- 
types. 

The agent, recently announced by Du 
Pont, eliminates inferior plating on the 
edges and comers of the printing 
plates. That permits a reduction in the 
width of “safety bearers,” and accounts 
for reducing to half the copper scrap 
usually resulting from electrotype pro- 
duction. 

EifU SEPELT 
FrtUsw Seivti by 
Nfadatart Fnnass 

A THERMOMETER manufacturer now 
producing temperature gages for mili- 
tary aircraft was threatened with a 
stoppage of production of these essen- 
tial accessories due to the need for 
“Kovar” wire. Kovar, a nickel-cobalt- 
iron alloy, was developed by Westing- 
house Electric and Manufacturing Com- 
pany as a sealer for electronic tubes. 
In these gages, however, it is used in the 
form of a ^ree-foot length of fine wire, 
tightly coiled inside a tube immersed in 
the aircraft engine oil As the motor 
warms up the wire offers more re- 
sistance to an electric current passed 
through it, which is indicaM by a dial 
on the instrument board* 

In ordinary production quantities, 
and for the more common uses, the 
electrical resistance of the metal is not 
important, but to the temperaure gage 
manufacturer, it is vital As war de- 
mands depleted his original supply 


Kovar wire, he found that the resist- 
ance of additional samples varied wide- 
ly, and continued production was 
fiireatened because the thermometer 
design was based on the resistance 
of the old wire and there was no time 
to re-design the entire device. 

The problem was solved by West- 
inghouse Laboratories* use of a minia- 
ture electric furnace to produce 13 - 
pound ingots of Kovar made to the ex- 
act chemical composition of the origi- 
nal product by painstakingly accurate 
control of the melting process. Actu- 
ally, a half dozen of these small ingots 
of proper resistance will keep the ther- 
mometer plant supplied with wire 
enough to last several years, since each 
ingot contains enotigh Kovar to make 
56 miles of wire, which is enough to 


make temperature gegea for 20/NH) 
four-motor^ bombers. Tet oontoutd 
inability .to obtain this small quantity 
of vital metal in the exact quality re- 
quired, might have caused a seriotis 
hold-up in quantity production of these 
and o^er military craft upon which 
final Allied victory depends.— Nickel 
Steel Tapice* 

urm lEtm 

Cfslribslt Alff If 
Wtilicr CtMferl 

Specially designed booths, perfected 
over a period of years for the safety 
and comfort of workers handling diffi- 
cult and dangerous propeller finishing 
operations, have now b^n installed in 



I- 


Paul Brown identifies the 
plane easily — confidently — 
because it is imaged clearly, 
sharply and unmistakably by his Bausch Sc 
Lomb Binocular. His message, reported 
to the plotting room, checks with similar 
messages from lookouts throughout that 
coastal area. To supply these needs and 
thousands of other war uses, Bausch Sc 
Lomb workers have doubled and trebled 
their output— yet there can never be 
enough binoculars. Their uses are so 
varied— an extra glass can mean so much 
extra proteaioo. 

That's why if you own a 6x30 or 7x50 


Bausch Sc Lomb glass, we urge you to 
send it immediately to the United States 
Naval Observatory, Washington, D. C. 
Attach your name and address on a tag 
and pack the glass very carefully. You will 
receive $ i from the Navy and your glass 
back after the war. Do it today. 


BAUSCH & LOMB 

OPTICAL CO^^^Lj^OCHBTER N. Y. 


CSTABtlSHID l«>» 


AN AMERICAN SCIENTIFIC INSTITUTION FRODUCINO OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE. EDUCATION, RESEARCH. INDUSTRY AND EYESIGHT CORREOTION 


DECEMBEB 1843 ■ SCIENTIFIC AUERICAV 


373 



IiidiTidttCil $ohtf bpofht 


New Jersey plants of the Propeller Di- 
vision of Curtiss-Wright Corporation. 
The individual safety booths, arranged 
in series with one operator to each unit, 
are air conditioned to carry off harmful 
dust particles, lessen workers’ fatigue 
by cutting down noisy grinding opera- 
tions, and practically eliminate hasards 
created by flying pieces of metal. 

The units, installed exclusively for 
grinding and polishing operations on 
hollow steel blades, are built of Ther- 
max, which is a non-priority, non-com- 
bustible material. Each booth is clean, 
comfortable, and lighted by two 80-watt 
fluorescent lamps designed to reduce 
eye strain. A fan unit is installed at the 
rear of each booth to carry off dust and 
small metal particles while larger pieces 
of steel are thrown into a salvage hop- 
per below. Passing workers are pro- 
tected from flying particles by a baffle 
extending six inches from the interior 
of each booth. 

Propeller Division officials claim the 
new safety booths have decreased the 
loss of man-hours through accidents 
and resulted in a speed-up in the pro- 
duction of blades. 

uc-wsum mnniBD 

Vsf ef ngk-Tellag • 

Nalataias Iks Are 

A RiGR-voLTAGB ’’trail blazer” that cuts 
an electric path through air has been 
developed to speed welding of the thin 
aluminum and alloy steels used in war- 
plane construction. Called an ’’arc sta- 
bilizer,” the new device is an assembly 
of coils, condensers, and transformers 
built into an electric welding machine. 

’The stabilizer,” explain;^ C. L. Den- 
ault, engineer at the Sharon plant of 
Westinghouse, “produces electricity 
which has a high voltage, or electrical 
pressure, and changes its direction of 
flow many thousands of times a second. 
This type of electricity has the ability 
to leap through the air from the tip 
of welding rod to the metal being 
welded. It literally knocks electrons 
off the atoms of gas in the air. When 
the air is in this condition, it conducts 
electricity more easily. Then the regu- 
lar welding current jiunps from the 
rod to the metal along the path created 
by the trail blazer.” 

Until the stabilizer was developed, 
electric welding of plane parts required 


great skUl. Low currents had to be used 
to prevent bundng ol the thin metals 
and this made it difficult for the welding 
operator to start the electric arc and 
keep it glowing while he made the weld. 

When a welder is working on ordi- 
nary carbon stedi, he has little trouble 
maintaining an arc because the current 
flows strongly, the metal is hot and the 
welding rod may be as tihick as a pen- 
cil. But aircraft welding must be done 
with low currents, the piece being 
welded must be kept comparatively 
cold so no holes will be burned in it, 
and the rods used are often as thin as a 
pipe-cleaner. The arc itself is about the 
same size as the head of a safety match. 

Under these conditions, the arc tends 
to go out each time the regular weld- 
ing current alternated or changed its 
direction of flow, but this tendency can 
now be counteracted by the trail-blaz- 
ing electricity which is turned on by a 
switch in the holder that grips the weld- 
ing rod. When the operator is ready to 



Loboratorr model of ore stabiliser 


weld, he flicks on the switch and holds 
the tip of the rod near his work. The 
high voltage electricity leaps across the 
gap and the welding current follows. 
The “trail-blazing” current keeps flow- 
ing until the weld is finished to prevent 
the welding arc from being extin- 
guished. 

COLORS roi SirCTT 

TtUsw oilfi IfUsr 
Tbaa Red 

Red IS traditional in safety practice as 
a symbol of danger. Yet wl^e it is a 
rich and exciting hue, it falls short 
of other colors where high visibility 
is concerned. 

According to the Color Research 
Laboratory of the Eagle Printing Ink 
Company, the most conspicuous and 
visible of hues is yellow. Next in order 
is a brilliant yellow-green. FoUowing 
this, orange ranks third, with red fourth 
on the list 

In industry, for example in a steel 
mill or a printing plant a good safety 
practice would suggest the use of yel- 


low to mark moving parts, trucks, pil- 
lars, and the hkOi Y^ow-green and 
orange mi^t be used for other and 
perhaps lesser hazards — with red re- 
served for fire-protective eqxiipment 
Many factories have developed specific 
codes of their own, using the- magic 
of color to serve as silent but effective 
tokens of idmitity and danger. 

Yellow and yellow-green are the re- 
gions of highest visibility in the spec- 
trum. In the dim light encountered in 
so many industrial environments, they 
are the two colors that hold their 
brightness best, with red fading out 
and resembling black — ^a phenomenon 
long recognized by science. 

RETORRm ASSRNRLY 
Sfss4t4 by Mew 


A MACHINE that does the work of ap- 
proximately 75 workers, has been de- 
veloped by engineers of Aluminum Seal 
Company for use In government arsen- 
als. Called a foil disk assembly machine, 
the unit is employed on loading lines 
for seating foil disks in detonator cups. 

Previous to the development of this 
machine, disk seating was accomplished 
by laborious hand methods. The tiny 
foil disks, which measure less than a 
quarter of an inch in diameter, were 
gaged by a micrometer to insure the 
seating of only one disk to a cup, then 
placed by means of hand tweezers in the 
cups. 

In the new machine the detonator 
cups are placed in the hopper at the top, 
from where they pass automatically into 
a feed chute and from there to a trans- 
fer punch which transfers the cups, five 
at a time, into a seating block on an 
intermittent turret wheel. The turret 
carries the cups to a die which blanks 
out the foil disks and pushes them to 
the bottom of the cups. The foil used 
for these disks is coated on one side with 
a thermoplastic adhesive and is fed 
automatically through the die. A vac- 
uum shoe under the seating block in- 
sures retention of the disks and permits 
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the punch to return to its original posi- 
tion without the disk. 

Further revolution of the turret takes 
the detonators to a hot punch station 
which heat-seals the disks to the bot- 
tom of the cups. 

After seating, the detonator cups pass 
to the next station where they are re- 
leased and drop by gravity to an auto- 
matic inspection unit. At this point the 
cups are pulled out of the inspection 
turret by vacuum to drop into a bin at 
the bottom of the machine. In the event 
that the disks are not properly seated, 
they are not ejected by the vacuum 
plunger but are carried aroimd in the 
turret to drop into a reject box. 

Besides materially speeding up seating 
operations, the new machine eliminates 
one of the chief hazards which formerly 
accompanied the loading. Heat sealing 
by machine insures perfect adherence 
of the disk to the cup and does not per- 
mit the powder to seep underneath the 
disk. Results obtained to date indicate 
a marked decrease in the number of 
cups rejected for this reason. 

BOTEMOn nDUSTBT 
Expeelti I# Expaad ia ilit 
Wttltni Ksaisphtrs 

Eleven of the other American repub- 
lics are co-operating with the United 
States in a program to expand Western 
Hemisphere production of rotenone- 
yielding plants to meet increased war- 
time demand for this insecticide, now 
in wide demand for production of food 
crops. 

Before Pearl Harbor, cultivation of 
rotenone-bearing plants was increasing 
rapidly in the Far East, and the United 
States obtained nearly half its supply 
from that source, although one of the 
two principal rotenone plants is native 
to this hemisphere. 

Wartime development is giving the 
plantation industry the strongest im- 
petus yet experienced in the Americas. 
Out of this development, some agricul- 
turists believe, may come a lasting in- 
dustry to supply the big Western Hem- 
isphere market for insecticides. 

Peru now is the principal exporter of 
rotenone roots to the United States. 
Another large exporter is Brazil. Wild 
roots are being gathered in Ecuador, 
Colombia, and Venezuela. Development 
programs have been started in Ecuador, 
Mexico, Guatemala, Costa Rica, Hon- 
duras, El Salvador, and Haiti. 

Development plans call for the plant- 
ing of about 1,000,000 additional cut- 
tings of denis, one of the two chief 
rotenone-yielding crops. 

The full effect of the rotenone de- 
velopment program in Latin America 
will not be felt until 1945. It takes two 
years or so for the crops to become 
ready for harvest By 1945, however, 
bumper exports are expect^. 

In line with the policy of fostering 
complementary agric\ilture in the 
Americas, United States agencies are 
rendering assistance to the development 
of rotenone-yielding crops in Latin 
America. Dextis cuttings by the thou- 
sands are being distributed from the 
United States agricultural station in 


Puerto Rico by the Office of Biconomic 
Warfare to plantations and to new ex- 
periment stations set up with the United 
Stetes’ assistance in Ecuador, Peru, 
Nicaragua, and £1 Salvador. 

The newly-established Inter-Ameri- 
can Institute of Agricultural Sciences in 
Costa Rica also is taking a hand in the 
development of insecticides. The Insti- 
tute has acquired a rubber plantation 
in Panama which has a large supply of 
derris cuttings for distribution to po- 
tential planters. 

Heretofore, rotenone-bearing mate- 
rials from Latin America have been ob- 
tained mainly from wild and semi-wild 
growths. The chief Brazilian centers of 
production have been from semi -wild 
growths along the Xingu and Tapajoz 
Rivers and in the upper Amazon region. 


Now, in the Amazon aa elsewhere in the 
hemisphere, new plantation industries 
are getting under way. 

COfEBMBB TESm 
Is Bscarats Te Wiffiia 
Twe Teallis of Oat Boreoal 

An ELBCTBONICALLY-COKTROUXO pre- 
cision testing apparatus that checks the 
accuracy of delicately balanced hydro- 
matic airplane propeller governors, 
which are being manufactured for the 
Army Air Forces, has been developed 
by the Nash-Kelvinator Corporation. 

When the company received a con- 
tract to produce these Hamilton Stand- 
ard governors for propellers, it was 
found that none of the commercial test- 


Ingenious New 

Technical Methods 

Presented In the hope that they will 
prove interesting and useful to you. 





Molten Metal Sprayed on Wood 
Patterns Prolongs Their Life 

Molten metal sprayed on wood foundry 
patterns by a compressed air gun provides a 
protective coating against sand wear on the 
finished surfaces, thereby prolonging the life 
of the pattern and eliminating costly repairs. 

The metal may be sprayed directly on 
the untreated wood surface of the pattern or 
core box. If the wood surfaces are hard or 
close*grained, a shellac primer is first ap* 
plied, the metal being sprayed on before the 
shellac dries. The Sickness of the metal 
coating is about 5 thousandths of an inch. 


The spraying equipment consists of a 
portable, self>contained gun-type sprayer 
which melts the metal and is thermostatically 
controlled 

We hope this has proved interesting 
and usefbl to you, just as Wriglcy’s Spearmint 
Gum is proving useful to millions of people 
working everywhere for Victory. 

You can get compUu information about this 
method from Alloy -Sprayer Company, 20$9 
Book Buildings Detroit^ Michigan, 




This wooden pottem cooled wMi 
tproyed melol hot given service 
for beyond Us normol life. 



Fin# deloil oetlly recorded In the 
alloy sprayed oeto pattern. 
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Tlniag akctaH prop^lWr germori 

ing devices available were sufficiently 
accurate to provide the test demanded 
by the specifications. The governor, 
which automatically adjusts ^e pitch 
of the propeller blades so as to make 
the most efficient use of the engine’s 
power at a given speed, must be ac- 
curate to within five revolutions per 
minute, or two tenths of one percent 
at maximum speed. This was about four 
times as fine a ’tolerance” as the effi- 
ciency of the best tachometer, or speed 
indicator, which could be obtained. 

While the operation of the new test- 
ing instrument is difficult to describe, 
its principle is not complicated. The 
propeller governor to be tested is 
idounted on the stand and hooked up to 
an electronically controlled o.c. electric 
motor operated from an a.c. power 
line. The governor is then attached to 
a pressure oil system which serves as 
a “dummy propeller.” Since the gov- 
ernor itself functions hydraulically it 
regulates the pressure in the testing 
device, and thereby actually regulates 
the speed of the motor by which the 
governor itself is being operated. But 
because of the wizardry of the test 
stand, this same motor, which both 
drives and is controlled by the gov- 
ernor, also drives an alternating-cur- 
rent electric generator. By measuring 
the output of this generator in cycles, 
the person testing the propeller con- 
trol governor can tell far more precise- 
ly how acciu*ate the governor is than he 
could by using the finest tachometer 
such as is contained on the control 
panel of an airplane. 

What the amazing device does is to 
convert time, oil pressure, and revo- 
lutions per minute into one set of com- 
parable fiigures which can be read off 
on dials as readily as telling the time of 
day by looking at a clock. 

•rncu pun 

Naif Mere Afcmlciy 
WUli JUr CtniilUaiBi 

A:cuaATB gun fire of America’s fight- 
ing ships and American artill^ are 
due in a large measure to the utiliza- 
tion of modem air-conditioning equip* 
ment in the plant of Bausdi A Lomb, 
where there was recently completed 
the third installation of air-condition- 
ing equipment in the binocular assembly 
rooiki of the optical manufacturer. Air- 
conditioned rooms are required for the 
preparation of optical parti of binocu- 
lars because dirt cuts the li^t gather- 


ing properties of the prisms and lenses. 
In cementing the lens elements, the 
room air must be scrupulously clean in 
order diet the Canada balsam shall not 
be contaminated. Also, the temperature 
must be held within close limits both 
for applying the balsam and for dry- 
ing. 

Carrier air conditioning is also being 
called upon at Bausch A Lomb to aid 
in high precision work in the manufac- 
ture of range finders and height finders, 
essential components of modem war- 
fare. In space ediere these products are 
manufactured, assembled, and tested. 
Carrier equipment reduces heat that is 
generated by motors and people, elimi- 
nating danger of expansion or contrac- 
tion of delicate metal parts by main- 
taining constant temperature. Likewise, 
it controls humidity to prevent corro- 
sion caused by perspiration on the 
fingers of workmen. 

In the assembly of lenses in micro- 
scopes, air conditioning is used to de- 
humidify the air between the assembled 
lenses so that they will not fog up under 
the varying temperature conditions of 
field use. Absolute dust control is re- 
quired because a speck of dust on a 
range finder, for example, might look 
like a distant airplane to the observer. 

Polishing lenses is another delicate 
operation which calls upon air condi- 
tioning to help insure perfection. For 
the polishing process, lenses are 
moun^ on wax and any change in the 
wax, either softening or hardening, 
might cause inaccuracies. Ckinsequently, 
it is important that the wax mountings 
remain the same during polishing, and 
air conditioning insures against the 
possibility of changes. 

somi x-uf 

CsMfsd fall VssA in 
Szasdaisf Fitssis 

XBW anti-sabotage weapon in the 
form of an effective, simple, easily 
operated X-ray apparatus is known as 
^archray. This newly developed elec- 
tronic device makes possible the safe, 
instantaneous, non-d^tructive, fluoro- 
scopic, and radiographic internal ex- 



aminatioii of incoming and outgoing 
packages and small luggage at war 
plants, air and railway express offices, 
post offices, custom houses, police sta- 
tions, and so on. Suspicious looking 
packages and luggage can be search- 
rayed without exposing anyone to the 
danger of opening unknown parcels. 
It is also usdful in discovering contra- 
band and in detecting and dis^uraging 
theft 

To operate the unit, manufactured 
by North American Philips Company, 
Inc., it is only necessary to plug into a 
standard 110 volt a.c. power source, 
open compartment door, insert object, 
close door, push button, and view the 
internal structure instantly through an 
eye-level eyepiece. No sk^ is required 
to operate. 

The same unit also has wide applica- 
tion in industry for internal examina- 
tion of assemblies and finished products 
of rubber, ceramics, plastics, li^t metal 
alloys, and similar substances. 

cfiui wKuim 

Nskfs Crackdl Cyliadsrs, Isals. 

Fsris, StrsBi as New 

Wabtimz technique of cold welding, 
which repairs heat and cold cracks 
in gasoline, Diesel, steam, and other 
engines as easily as a dentist fills a 
tooth, is keeping in operation many an 
engine which otherwise would have 
been junked. 

The technique, originally known as 
“mechanical lacing,” is described in the 
SAE Journal in a report of the Society 
of Automotive Engineers Transporta- 
tion and Maintenance Activity approved 
by Office of Defense Transportation. 

The crack, wherever located, and 
whether caused by heat or cold, is 
drilled and tapped. Special threaded 
rods are insert^ so as to interlock. 
The crack then is filled with a special 
sealing compound, which is also circu- 
lated through the cooling system. 
Finally, the repair is peened and 
smoothed to a point where jt is prac- 
tically indistinguishable. 

The report states that so far as rec- 
ords are available there is no case of 
a repair failing as a result of time or 
mileage, and that, apparently, the re- 
pair lasts as long as the engine. 

PAHT TBITIlfl 
SpmM iy iss ef 
TUa IrsB rstt 

TxaouGH the use of a new testing tech- 
nique which employs extremely thin 
iron foil, an inffication of the value 
of metal-protective finishes under se- 
vere conditions frequently encotmtered 
in practice can now be had in a matter 
of days in comparison with months for 
ordinary exposure tests. 

This new technique was described 
in a paper by Dri. G. D. Patterson and 
C. IC l^oan the Du Pont Company, 
presented before the American Chemi- 
cal Society. It involves the use of thin, 
uniform films of paint ai^^lied to small 
sheets of iron foil al^t one two- 
thousandths of an inch thick— epproxi* 
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oiately l/8th the thickness of the paper 
on which this is printed. The film of 
finish to be tested is about one thou- 
sandth of an inch in thickness. 

These tiny test panels are then ex- 
posed to a carefully controlled, humid 
atmosphere in the laboratory, which re- 
sults in rapid rusting of the metal foil 
underneath the thin paint film in much 
the same way that painted structural 
steel would ultimately rust tmder actual 
conditions of service. The time that 
elapses before visible rust spots de- 
velop on the iron foil gives an indica- 
tion of the degree of protection afforded 
by the paint being tested. 

With such extremely thin foils, the 
slightest rusting eats a hole through 
the metal, which can easily be detect^ 
by looking at the test panel from the 
back. With ordinary filnu laid down on 
steel panels of the type normally used 
for testing, no evidence of failure 
would probably appear imtU rather 
severe corrosion of the metal had re- 
sulted in partial or complete break- 
down of the paint film. With a good 
finish, this might require a year or 
more. 

While the recently-devised technique 
will not dispense with long-time fence 
and field tests necessary to determine 
the protection a finish will afford under 
actual service conditions, it will great- 
ly facilitate testing by making it pos- 
sible to reject inherently poor finishes 
before expensive and time-consuming 
field tests have been made. 

f iTAimi NUiricnu 

Tki lusaa lyslsa's f recstsss 
bilUitact Naaafaclirel Feels 

Thx mystcrious process by which 
certain vitamins are manufactured in 
the intestinal tract holds the key to 
great advances in the field of nutrition, 
Dr. Conrad Arnold Elvehjem, professor 
of chemistry in the University of Wis- 
consin, declared recently in an address 
before the Chicago Section of the 
American Chemical Society. 

**We are spending a great deal of 
time measuring the changes in the 
vitamin content of food during storage, 
processing, and dehydration,” Dr. 
Elvehjem pointed out, **but what about 
the dhanges that iske place after the 
food enters the intestinal tract? 

^*A11 the food we eat comes in con- 
tact with trillions of bacteria, particu- 
larly in the intestinal tract, before the 
nutrients contained in that food reach 
our bloodstreams. The intestinal bac- 
teria have caused us much trouble in 
the laboratory and will continue to 
trouble the clinicians for some time, 
because their effects are different for 
each species of animal and every t 3 rpe 
of food combination. 

**Some vitamin factors are known to 
be produced by the intestinal bacteria 
under normal conditions, but certain 
individuals may suffer from abnormali- 
ties which are sufficient to prevent 
adequate production, and must have 
these factors preformed in the diet, 
still ofiier cases, abnormal Intestinal 
flora may destroy some of the better- > 
known vitamins at a rate sufficiently' 


rapid to produce nutritional deficiency 
in spite of the fact that the diet is 
adequate according to present stand- 
ards. 

‘Thus if we were to attempt to 
formulate a mathematical equation for 
the relation of nutrition to health 
similar to the equations formulated by 
Willard Gibbs in physical chemistry, 
we would need to introduce a constant 
to cover the effect of the intestinal 
flora. We would have to consider the 
kind of carbohydrate, the level of fat 
and protein, the ratio of many of ffie 
vitamins, the length of the large and 
the small intestine, the amount of bile 
secreted, the rate of digestion, the 
alkalinity and acidity of the intestinal 
tract, and the natural capacity to in- 
hibit the growth of certain bacteria. 


Tt is remarkable that progress in the 
field of nutrition has bem as rapid as 
it has under such variable conditions. 
In one of the first papers on vitamins, 
published in 1911, some of these diffi- 
culties were suggested.” 

The older B' vitamins — > Bi, Bi, and 
niacin — were recognised first bemuse 
they are not produced in the intestinal 
tract of any animal in sufficient quan- 
tites to meet the needs of the animal, 
it was explained, thus making the test- 
ing of requirements by withholding 
certain factors from the diet compara- 
tively simple. 

The chief method of altering the in- 
testinal flora is by feeding a bacterio- 
static agent, for example one of the 
sulfa drugs, which inhibits the further 
growth of intestinal bacteria through 
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Guns, planet, tanks, ships and FOOD . . . these are the 
essentials in war. The most important is food for without it 
all tools of war are of little use. Huge amounts of food are 
being processed, packaged, weighed. Tremendous quantities 
are dehydrated • • • tons of water squeezed out • « • pounds 
and ounces of concentrated food shipped. What is required 
is handling small conuiners, light in weight, with speed and 
accuracy and at a profit. EXACT WEIGHT Scales have brnn 
highly successful in this task of around the clock operation. 
Food Packaging is but one of the 55 vital industries served, 
most of whom are direedy engaged in the vital war effort. If 
you package goods you should have all the details. Write for 
them immediately. 

THB IXACT WIIQHT SCALB COMPANY 
•• WMt Fmk Avt. Mmhw t, AUt 

Mpl. A*. OtMla 
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Smoothly geared 
to duration living 


A home, a headquarters, a stopping-off place 
...The Waldorf-Astoria serves duration living 
needs efficiently, economically... graciously. 



interfering with the supply of the B 
vitamins needed for bacterial growth. 
Inhibition of the growth of the bacteria 
prevents, in turn, the synthesis of other 
members of the B complex by the 
bacteria and pertnits the biochemist to 
measure the vitamin requirements of 
the animal by adding synthetic vitamins 
to the diet, according to Dr. Elvehjem. 

lOa-SUP BECKS 
PrtvUltS by Citasls 
EmMiU la FUiile 

Bluejackets of the United States Navy, 
manning the thundering guns of battle* 
ships and cruisers as they hurl their ex- 
ploding shells into the Nari-held shores 
or the Japanese-occupied islands of the 
Pacific, take their stand on carpets of 
semi-precious stones. Naval planes, 
zooming from the flight decks of car- 
riers with their deadly load of bombs 
and torpedoes, take of! from runways 
of the same sort. 

Garnets are being used by the Navy 
toda 3 »to cover decks and gun emplace- 
ments of our ships, the gems, pulverized 
into coarse grains, forming part of a 
new deck covering manufactured for 
the Navy by The Goodyear Tire and 
Rubber Company, 

The new covering, known as “Dek- 
tred,'* is made by mixing the ground 
garnets with a special fire-resistant 
plastic or synthetic-resin binder that 
has the ability to stick to the smooth 
steel surface of a battleship deck or 
similar structure. Dektred can be ap- 
plied with a trowel or, more quickly, 
by spraying it from an ordinary spray 
gun. 

The chief purpose of Dektred is 
simple, but as extremely important as it 
is simple. It is to prevent slipping, a 
problem that is of the utmost serious- 
ness in naval operations. Slippery decks 
can cause accidents, even death. They 
can lose battles. The problem is par- 
ticularly acute in rough weather or on 
small ships whose low decks are nor- 
mally washed by the waves at high 
speeds. 

Dektred is light-weight and can be 
shipped as a viscous fluid in sealed 
metal containers, ready for application. 
It can be applied to steel, wood, con- 
crete, and many other types of surfaces. 
It dries quickly, being sufficiently dry 
for light traffic after 2^/^ to 3 hours and 
completely dry after 8 hours. It is re- 
sistant to both heat and cold. Cold does 
not affect it at all. It becomes slight- 
ly soft at temperatures above 160 de- 
grees, Fahrenheit, but returns to its 
normal conditions when cooled. In ad- 
dition, it resists the corrosive action of 
oil, grease, salt, sulfur, soap, and other 
detergents. 

Tlf»LK STUn 
iUii la Stalylai 
Kepeasi ti Lifalii 

Thb divirsb responses of a flowing 
fluid to variously shaped obstacles such 
as a boat hull or a heating pipe form a 
fascinating study, but not a very exact 
one unless the directions of flow can 
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be made visible. A new method of doing 
this, developed at the Massachusetts 
Institute of Technology, promises a real 
advance in this branch of hydrody- 
namics. The method is analogous to 
that wherein engineers use polarized 
light, produced with optical equipment 
similar to that in ‘Polaroid** non-glare 
sun glasses, to render visible the strains 
in plastic models of solid structures, 
such as gears. When stressed, the plastic 
model deforms slightly, and, in so doing, 
bends and twists the polarized light 
passing through it so that bands and 
splotches of color show up at the points 
of strain. In the analysis of fluid flow a 
suspension of bentonite (a clay found 
abundantly in the West) in the fluid 
serves to modify the polarized light 
shining through the transparent walls 
of the experimental channel, just as 
the plastic modifles light in analysis 
of strains in solids. 

*rhe bentonite particles consist of 
platelets so small that there is no ten- 
dency to settle out of the suspension 
and so light that they move exactly 
where the fluid takes them, showing 
substantially no inertia of their own. 
These physical factors, as well as its 
optical properties, make bentonite supe- 
rior to other substances used to follow 
fluid flow, such as ink streams, smoke 
trails in gases, or flne bubbles; for these 
latter materials cannot follow the paths 
of fine eddy motion encountered when 
streamline flow is broken up. The 
bentonite for the first time permits 
quantitative measurement of velocity 
change and other factors within the 
field. 

Solid plastic models examined with 
polarized light show infinitely varied 
colored patterns when subjected to 
pressure or tension. A line of a given 
color connects points where the strain 
is equal; from this the analyst can de- 
termine where the strains are concen- 
trated and the model can be re-de- 
signed to put strength where it is 
needed and eliminate it where it is not 
needed. Similarly, in analysis of fluids 
the bentonite so modifies the light pass- 
ing through the stream that colored 
bands or “fringes” show up, connecting 
points where a particular rate of change 
in the speed of the fluid prevails. Use 
of improved photographic techniques, 
including high-speed photography, has 
enabled observation of highly turbulent 
as well as more nearly streamline flow 
by this method. 

The method can be used either quali- 
tatively to observe how a moving or 
stationary object of particular shape 
affects die flow, or quantitatively to 
calculate necessary engineering data. 
Analysis of fluid flow is important not 
only in such obvious applications as de- 
sign of boat hulls and bridge piers but 
also in many chemical engineering 
problems such as the distribution of 
fluids in a reaction vessel. It is even 
possible by polarization analysis of 
fluid flow to calculate the rate at which 
heat will be transferred from a solid to 
a liquid. 

Within limits, the information ob- 
tained with liquid flow is applicable 
to gases, so that the method l^omes 


useful in aviation and many other fields. 
Although there has been time for 
only a few applications of polarization 
analysis of fluid flow, one of these is 
providing graphic demonstrations for 
training aviators in flight theory. An- 
other application has served to change 
the design of fireboxes in the locomo- 
tives of a western railroad.— Industrial 
Bulletin of Arthur D. Little, Inc. 

WABPLAIIK FIIDVCTIOV 
Btisled by Aatsuslivs Tedmlgit 
ef lira Wsldiif 

In its quest for better products at 
lower cost, the automotive industry car- 
ries on extensive experiments to find 
new materials and new methods. 
Though such research often turned out, 
in the past, to be of no immediate use 
in the manufacture of cars and trucks, 
it is today being brought down from 
the “shelves** of the industry *s labora- 
tories to aid in the drive for more and 
better weapons for the United Nations. 

Take the case of zero welding which 


is now being applied to the production 
of American warplanes, with a saving 
of thousands of precious hours. 

The application of cold to the hot 
points of arc-welding devices stems 
from several automotive factories where 
it was tried in the manufacture of as- 
sembled sheet Steel stampings. With 
the advent of war, automotive engi- 
neers, seeking short-cuts in aircraft 
production, revived the idea and began 
more thorough exploration. Such strik- 
ing results were attained that all air- 
craft manufacturers became interested. 

It was found, for example, that, in 
putting the 1600 spot welds on a single 
bomb -bay door, operations had to be 
halted more than 45 times to clean the 
welding points; but, with temperature 
of the electrodes reduced to zero, Fah- 
renheit, 800 successive welds were pos- 
sible. 

The total saving is estimated to be 
two and a half hours on just one bomb- 
bay door. And, as an operator and two 
helpers are required for welding this 
large unit, more than seven man-hours 
are thus saved. With four bomb doors 
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"HOW TO BUN 
A LATHE" 

A pructioRl instruction 
book on tho opcmuon 
and caroof motal work- 
ing lathca. Contains 128 
pagea, Send 

2$ cents in stamps for 
jour copy. 



Having Time is of vital iiuporlantx*, for every second naved 
hastens victory and brings us that much closer to peace. 

Time is saved and precious machine hours are gained on 
many operations through the use of South Bend Lathes. 
Their wide range of spindle speeds permits machining 
work with maximum cutting tool efficiency. Their versa- 
tility keeps setup time to a mininiuin — adding hours to 
machine output on short runs or when product s|)ecilica- 
lions are frequently changed. Conveniently placed, smoothly 
operating controls contribute to an ease of operation that 
reduces fatigue and increases manpower efficiency. 

Most important of ail time-saving advantages is South Bend’s 
dependable precision which assures maximum production 
even when extremely close tolerances must be maintained. 

SOUTH BEND LAtHE WORKS 

UNib iulkiBrs for ^7 YB«rB 
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HEAVY DUTY TWIN 
COMPRESSOR 

Complete uitomatle twin cylinder outfit 
fully equipped with e heavy duty ^ 
H.P. motor, air tank (3W Ibe. test— 
150 lbs. A.W.P.), autmnatio adjust- 
able pressure switch, gauge, dieck 
val^ safety valve and druner, etc. 
Delivers 150 lbs. pressure. Dls^ace- 
ment 1.7 cu. ft per min. 
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dampers automatically. 
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PIONEER AIR COMPRESSOR CO., Ine. 

tSO-n CHAMAENS ST. NEW YONK T. N. Y. 


Inatalled on each plane, the savinga on 
tlds one part alone are considerable. 

But, important though it is, time- 
saving is not the sole benefit of this 
welding technique. For, since there is 
less heat at the electrode tips, the alu- 
minum alloy sheets are subjected to 
less heat eiqiansion. There are, there- 
fore, fewer buckled sheets. Moreover, 
as high temperatures in the electrodes 
tend to drive contaminating copper into 
the welds, the use of refi^erated tips 
produces stronger welds. 

Zero welding came about when nor- 
mal spot welding caused the grain struc- 
ture of the aluminum alloy to change 
at the boundaries of the welds because 
of heat set up around the welding 
points. Such chimgea remained hidden 
until later stresses revealed them as 
cracks or breaks. 

After a series of experiments with 
ways to defeat the destructive eflfect of 
heat, automotive engineers built a re- 
frigeration device which was capable 
of pulling the temperature down to 85 
degrees below zero. 

Then experiments in welding began 
on sheets of various thicknesses, and 
at tip temperatures ranging from 25 de- 
grees to minus 85. 

As the engineers went to the lower 
temperatures they were balked by the 
formation of ice at the welding tips. 
To counteract this effect, they allowed 
acetone in the refrigerating system to 
squirt on the electrics. 

Every step of the experimentation 
was carefully documented so all com- 
panies engaged in aircraft work could 
profit from die experience. All the ex- 
perimental welds were rigorously tested, 
and a library of photomicrographs was 
compiled on the subject. In addition, 
time-savings methods were devised for 
the mechanical cleaning of the parts to 
be welded as well as a simple method of 
cleaning and restoring the contour of 
electrodes without removing them from 
the machine . — Automotive War Produce 
tion. 

RIfiS4PKCD Z-UT 
Osfi li Frfivstits 
CxaMiaatliR tf Cailiafs 

A NEW mass production X-ray mach- 
ine capable of inspecting as many as 
17,000 airplane castings In a 24-hour 
day has been developed for a mid- 
westem war plant, according to West- 
inghouse engineers. 

**This revolutionary machine, which 
brings the advantages of assembly line 
speed to X-ray work, makes it possible 
to X-ray metal castings for defects 
at a rate of one every five seconds,” 
explains C. V. Aggers, Manager of the 
X-ray Division of Wesdnghouse 
Electric and Manufacturing Company, 
which developed the new unit 

Key to this new unit’s speed is a mov- 
ing conveyor 40 feet long and three 
feet wide that transports the eastings 
dirouc^ the X-ray inspection and pro- 
vides the fastest meth<^ 3 ret devised to 
spot fiaws in large qtiantities of metal 
parts, says Mr. Aggers, adding: 

unit produces an eseposed film 
of six castings every 80 aeconds-or the 
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equival«nt of one oaeting every five 
eeconde— to provide an almost con** 
tbiuous flow of exposed film ready for 
developing. When developed, each film 
shows an inside view of the six cast- 
ings. The faulty castings with 1>low* 
holes, cracks, and other defects then 
can be weeded out, so that no man- 
hours or machine-hours will be 
wasted on imperfect castings.’* 

Designed to inspect both engine and 
fuselage castings up to five inches in 
thickness, the mechanism includes two 
steel towers, each 12 feet high and 
situated near the middle of the con- 
veyor, inside which the actual X-ray 
inspection is conducted. Each tower 
houses an X-ray tube — one tube op- 
erating at 140,000 volts, the other at 
220,000 volts— so that castings of dif- 
ferent types and thicknesses can be ex- 
amined at the same time. 

*The castings move along the con- 
veyor on trays that halt automatically 
imder the X-ray tubes,” Mr. Aggers 
says. ”A lead-lined protective device 
shields workmen from X-radiations 
while the exposure is made, and the 
castings then continue along the con- 
veyor. For quickly identifying any de- 
fective castings, corresponding numbers 
are given the film and the castings.” 

cusi ram 

lew AvailaUe ia 
Icvea Basis Types 

In the belief that they may find new 
and important military uses, and that 
they may assist manufacturers in the 
development of new post-war materials, 
Owens-Corning Fiberglas Corporation 
has made available seven basic types of 
glass fibers. These fibers are offered as 
raw materials for use with other fibers 
and with plastics and cements, and for 
use in various types of industrial and 
chemical process equipment. 

Such possible applications of glass 
fibers have been by no means complete- 
ly explored, and it is realized that the 
number is so great that Owens- Com- 
ing cannot hope to develop, or even 
adequately explore, them all. It is hoped 
that availability of the fibers will lead 
manufacturers to experiment with them, 
both to meet current urgent needs and 
with a view to post-war products and 
markets. 

Fiberglas fibers are now being used 
in combination with plastics where they 



Oae of seven e a rly BknNi fibers 



Another glass-fiber form — straight 


serve as reinforcement for light-weight, 
high-strength structural parts for air- 
craft. The Fiberglas-plastic parts can 
be molded at low pressures, reducing 
fabrication costs and man-hours. Ex- | 
perience indicates, the company says, 
the adaptability of the fibers to similar 
use as reinforcement for certain cements 
and plaster-like materials where their 
high tensile strength may give improved 
physical properties to the resulting 
product. 

Another potential field of use is the 
admixture of the glass fibers with other 
fibers, as in felts and papers. It is be- 
lieved that the high tensile strength 
and non-stretching and non-shrinking 
characteristics of glass fibers will con- 
tribute new and valuable properties to 
other fiber and textile materials if 
means can be found to combine the raw 
fibers economically. Fabrics combin- 
ing glass with cotton, rayon, and as- 
bestos are now manufactured by com- 
bining the yams of the desired types. 

Filtering of air or gases, liquids and 
sludges by the straining method is cited 
as another possible use of glass fibers. 
The substantially cylindrical, smooth- 
surfaced fibers provide comparatively 
low resistance to the flow of liquids, yet 
the interstices between fibers may be 
modified to provide almost any degree 
of porosity. 

Still other potential processing uses 
are contact applications in which water 
is sprayed on the fibers to humidify 
or dehumidify air that is forced through 
them, and eliminator applications where 
the fibers are employed to gather free 
particles of water or other liquids en- 
trained in the air stream. 

The seven basic glass fibers now 
available are distinguished by differ- 
ences in fiber diameter, tensile strength 
and the glass compositions employed. 
Four glass compositions are used to 
provide different properties required 
for different applications. 

FUSTICS m BmDmc 
Itl SiitaUs far Lfsi^Biarlai 
AffUcalleBs 

T HI USX of plastics as load-bearing ma- 
terials to t^e the place of steel and 
wood, bricks or concrete, is a subject 
on which there has been some miscon- 
ception in the minds of the public. For 
such purposes the choice of plastics is 
limited. Thermoplastics soften at quite 
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STUDY AT HOME for Pw- 
tpnia Sueesst aad LARGER 
EARNINGS. 31 years expert In- 
struction — over loS.ooo students 
enrolled. LL.B. Degree awarded. 
All text material furnished. Easy 
‘ ' FREE 

Executive 


payment plan. Send for 
BOOK— ‘^Uw and 
Guidance**— NOW I 


AMIRICAN EXTfNSION SCHOOl OP LAW 
Dept. 36>SAr 8 East MbronSt Chicopoo »»♦ 


WANTED 

NEW IDEAS— Have you a new Idee or dcp 
vies you want to sell? We will tell you if we 
baliava it Is sny good or not, and why, who 
wo think would be Interested in msking and 
selling U, snd whether or not you should 
spend money trying to patent it. snd why. Our 
epittions are based on over thirty years ex* 
perience as engiiieers, and manufacturers, and 
succassfu! iavsotors who hsv# sold msuy 
patents for suhttantial sums. No free advice, 
frsa books or patent selling schsmes, but 
hoasst, expsrt service. **Tbe wiso buy sxper* 
ieace; only fools learn by it**. Our minimum 
fee is 125.00. It may aave you a lot of time, 
money, and headaches. Further information 
frse. 

Van Deventer, Inc. 

342 Madison Avo. Now York City 


TECHNIQUE OF PLYWOOD 

By CHARLES B. NORRIS 

Plywood demand is skyrocketing in 
the production of wartime housing, 
airplanes, boats, and other defense 
ne^s, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
book, has been gathered technical in- 
formation on all phases of plywood 
manufacture, specially written for en- 
gineers. designers, and users of ply- 
wood. (249 pages, 5 by 7>^ inches, 
tables and drawings.) — ^.50 postpaid. 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W. 40Hi Sf. Nvw York IB, N. Y. 


MICROSCOPES 

BOUOHT - SOLO - REPAIMD 

There Is % vital need for used micro- 
scopes, sclentlBc. optical apparatus 
and accessories— you will help the 
war effort by sending toem in to us~ 
Ship at our expense for offer. TRB 
HIGHEST CASH FRICEB PAID re> 
gardless of condition. 

Notional Microscope Exchonge 
worth 24B15 

HR Chomhert St., New York City 7 



MIND POWER. 


A FREE BOOK 

Develop your personal, creative po%Fert Awaken 
the silent, sleeping focces in your own consdous* 
ness. Become Msster of yew own life. Push 
aside all obstacles with a new energy you have 
overlooked. The Rosicrucians know how, and 
%irtll help you aj^y the greatest of all powers in 
man’s controL O^e health and abundanot for 
yourself. Write for Free book, “The Mastery of 
Life.** It felb how you mey receive these teach- 
ings for study and use. It means the dawn of a 
new day for you. . . Address: Scribe Y.C.P. 
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ora. plus 


TUNttSTCN OONTAST DISCS 

1 8/10** dls.~l/10* thick, ^e metellle isnseten 
eontseti. MsClimed end poUsbedr 

S2.00 w. $8.00 per psir 



With Platinum 
Throw .................... 


West. Bleo. Anti- 
Capacity Switch- 
es, 14 Terminals. 
Contacts. Double 
12.00 each 


Vibratini Bliotrlt Goan 

Twin 8-lnoh Boltser-Osbot llOr. s.e. 

Reoondltloned flB.OOos. 


Prlcmi. Binooulsn. Beuseh A Xjomb. uied. 

•lightly chipped. 1 11/10 inch long 

by 44 Inch wide UM 


DIAL SWITCHES FOE TELEPHONES 

“Kellogg” 4 terminal. 10 digits. Diameter 

new SSaSO 


U. S. Army Bi^onet complete with 
scabbard, Springneld model. Can be 
remade to Commando Knife .... $4.90 ea. 


Telegrsph end buiMr porteble Mta. mshogsny 
OMe, a tone 4 eontsct pleiinum point high fri> 
quenoy buuer, 2 telephone toggle awltchea, po- 
tentiometer. Mndlng key. 3 mfd. eondenaers. 
trsniformer end 2 choke oolla, receiver. ...Iie.ee 


D. C. to D. Ca 


24-180 folt. Oen. Beotrle 200 
mine ISl.8e 

84-1000 Ota. Bee. 1000 mlllc 


12-100 volt 00 mlUa . 
12-700 volt 200 mllla 
12-200 volt 80 mllla . 
32-300 volt 60 mllla . 




VarUble Rbeo- 
etat, Ward Leo- 
nard vitrohm, 
double plate 8* 
dla. 6 to 16 amp, 
4 ohm, front or 
back connected 
112.00 
Ward Leonard 
Vitrohm Rheo- 
■tats. Variable 
600 ohm, .1 to 1.6 
amp., 81 steps, 
field regulation 


type ......$12.01 


QLASS MENCUEY TUBE SWITOHES 

8 amp $1.96 10 amp $2.26 

20 amp $2.96 


Webater 44* eperk coil, 110 volt. 60 eyele 30 
wstta. wi& vibrator $8.00 


HIGH FEiqtJENCT QINIBATOBS-AO 
4800 RPM, BaU Bearing. Self Bxeited. 

400 cycle 118 Volte 200 WatU $88.00 


800 cycle 118 Volte 280 WatU lAM 

800 cycle 118 VolU 800 WatU M-OO 

600 cycle 118 VolU 200 WatU 88.00 

000 cycle 110 VolU 200 WatU U.00 


U. $. Navy Divan Lantara 

Electric 150 watt, any voltage solid cast 
brass. 800 lb. test, weight 12 lb. 

Price $SJI 


SHIPS OOMPASSIS 

(U. 6 Maritime Coromiaalon) 

RXTOHIE. KELVIN AND WHITE. LIONEL, etc. 
7^4* card, underllt type with Oimbals and Ma- 
hogany Case. These ere all used end need cel- 
ibretion and minor repalni. An excellent souvenir 
each. 


MOTOR QENERATORS-Higli FrtgUMOy 

120 d.o.. 110 or 280 a.o . 800 cyclee. 260 watt. 

1128.00 to I115.M 

180 d.o.. 110 or 220 a.c., 800 cycle. 600 watt. 

fl 7 l(. 0 e to 8250.00 

130 d.o.. 110 or 220 a.o.. 800 cycle. 1 kw. 

I27i.ee to 8225.ee 

120 d.o.. 110 or 320 a.o.. 500 cycle. 3 kw. 

8100 it le 8488.00 

130 d c.. no or 330 a.c.. 600 cycU, 6 kw. 

130 d.e. to 400 d 0 . 2 kw. 

130 d.c. to 600 d.c. 2 kw. 


8425.ee te 8sse.ee 
. 8225.N te 8275.ee 
. |25e.N te 8I25.M 


U. 8. Army Aireraft, 
aoUd braaa telegraph 
and radio transmit- 
ting key, large cm:- 

stss 


£ilUk 


Motors, aynchronoiia. 820 v. fO eyolaa 1800 
R P.M. ikB.P 888.88 


TIME oLDCKSi Employees 

Btromberg EiecUio, 110 V<rit, D. O., Model 5. 
New (requlroi maeUr) 655.M each 


EDISON STORAOE BATTERIES 



Cells are In excellent condition. Complete with solution, 
oonnectlons and trays. Prices below are about 10% 
of regular market price. Average life 10 years. Two- 
year unconditional Guarantee. 


A-4 Amp. Hri. 160 Ba. $6.00 

A-6 Amp. Hrs. 226. ..Ba. 0.00 

A-7 Amp. Hrs. Ba. 7.00 

A-8 Amp. Hrs. 800 .... ........Ba. 7.00 

B-2(J-8) Amp. Hrs. 17 Ba. i.60 

M-8 Amp. Hrs. 11 Ba. 2.00 

L-20 top. Hra. II Ba. 2.60 

L-40 top. Hrs. 26 ........ Pr. 4.00 

Ail cells 1.1 volts each 

Abovs prtoes are per unit oeU. For 6 volt system use 
5 c«Us. 12 vt.— 10 cells, 110 vt— $8 cells. Note: On aU 
Mils 76 mps. or less an addiUonal charge of 10% is 
to bo added for trays. 


MANEAnAN EUCTRICAL BAR6AIN H0USE.INC..120 eiiinl8r$SL.N.Y.7.N.Y. 

Dfipf. S. S. 


low temperatures, and the risk of col- 
lapse in case of fire makes it impossible 
to contemplate their use in load-bear- 
ing structures. That leaves only the 
thermo-setting plastics for considera- 
tion. 

Thermo-setting plastics have the dis- 
advantage that they are lacking in duc- 
tility of which a modicum is needed in 
structural materials to smooth out stress 
concentrations and to give timely warn- 
ing of overloading. 

The effect of lack of ductility is 
strikingly shown by some experiments 
on plastics as reinforcement for con- 
crete made at the Building Research 
Station. It was found that on loading a 
concrete beam reinforced with plastic 
rods the stress was likely to be con- 
centrated in one rod until it broke, 
throwing the whole load on to another 
rod, which broke in its turn. The result 
was that the tensile properties of the 
reinforcement were not fully utilized 
and the beam tended to break suddenly 
without warning. It was concluded that 
a fiat slab reinforced in this way would 
be dangerous if it were accidentally 
overloaded, so the experiments were 
discontinued. In time new developments 
may change the position, but for the 
present plastics generally cannot be 
considered to be eminently suitable for 
structural use in huilding— Highway 
Research Abstracts. 

PACimc infis 
Nolo of Now Naloriolt 
Ftr Fool CtBlalBtrt 

R UBBER technicians have developed 
jar-sealing rings of non-critical mater- 
ials that are enabling commercial food 
packers to conserve large quantities of 
foodstuffs that might otherwise be 
wasted, the research division of The 
B. F. Goodrich Company recently an- 
nounced. 

“In answer to an appeal by the na- 
tion’s canners for sealing rings to re- 
place rubber ones now denied by gov- 
ernment restrictions for all but most 
essential uses, we have succeeded in 
producing two different types of rings 
which have proved satisfactory and 
which are already in mass production,’’ 
Dr. Howard £. Fritz, director of re- 
search for the company, says. 

One type of ring used for low heat 
packs is made of Koroseal, a thermo- 
plastic material made basically of coke, 
limestone, and salt which was origin- 
ated by Goodrich chemists. The other 
is a vulcanizable linseed oil compound 
combined with various secret ingred- 
ients. Both are being used by leading 
food processors and have already pro- 
vided satisfactory seals for hundreds of 
thousands of cases of food products. 

The sealing rings were developed, he 
explains, when canning industry, 
seeking a replacement for tin cans when 
limitations on their manufacture be- 
came drastic, developed a special glass 
jar with a glass lid and then found that 
an air-tight seal could not be obtained 
by glass-to-glass contact 

Use of the new sealing rings has 
been confined to packing products 
which do not rate rubber rings, but 
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whose processors are able to obtain a 
fairly high priority rating for use of 
materials substituting for rubber. They 
are not available for household can- 
ning purposes. 

LEMS CENEMT 
Btplaets lbs WiStlf 
Mttd Caasda Balsui 

A NEW photographic lens cement de- 
veloped by the Eastman Kodak Com- 
pany has proved so much more effec- 
tive than cement made from natural 
Canada balsam that the Army Air 
Forces have changed their lens speci- 
fications accordingly. 

This development resulted from the 
fact that an alarming number of lenses 
in the combat areas were breaking up, 
discoloring, and being rendered use- 
less because of the extremes in tem- 
perature encountered in desert fight- 
ing and stratosphere dying. 

Aerial cameras, designed to penetrate 
camouffage and haze, and to record in- 
formation as to enemy movements, de- 
pend upon highly perfected lenses. The 



Components of cm aerial lens, with 
bottle of new lent cement ot right 


completed lenses in turn consist of sev- 
eral component lenses which perform 
only as well as the transparent cement 
which holds them together. The cement 
must do its job under desert tempera- 
tures of over a hundred degrees and at 
high altitude temperatures of 50 to 60 
degrees below zero. It must likewise be 
able to withstand a quick temperature 
change of more than a 150 degrees. 

When investigation showed that the 
cementing method previously used was 
responsible for lens destruction and 
discoloration, the Eastman Kodak Com- 
pany undertook research which lasted 
over two years and which resulted in 
submission of the new product to the 
Army Air Forces. 

JEWEL COmiTnifi 
SfstlsJ by Mss #1 
Bteylt Btvici 

CotTimNa tiny glass jewels used in 
the manufacture of aircraft instru- 
ments would be a tedious job but for 



Counting 1000 leweU at a time 


an ingenious yet simple counter used 
at one of the General Electric’s plants. 
The operator dumps the pin-head 
jewels into a tray, gives it a rock back 
and forth which allows but a single 
jewel to fall into each small hole, then 
pulls the slide in the front and 1000 
jewels fall into a tray below. Thus in 
a few seconds she counts 1000 of these 
small jewels which otherwise would 
take several minutes. A gallon jug will 
hold 550,000 of these jewels. 

POBOVS CHBONE 
PUtiag Bstdl on Engine 
Piston Bings 

Recent removal of certain censorship 
restrictions has permitted the release, 
by the American Hammered Piston 
Ring Division of Koppers Company, of 
an outstanding example of the “tremen- 
dous trifles” of industry which are play- 
ing such an important part in American 
war successes. 

By plating airplane piston rings with 
.005 of an inch of chromium (about 
the thickness of a sheet of book paper) 
on the cylinder contacting surface, our 
flghting aircraft have been able to fly 
five times as many hours between en- 
gine overhauls. 

Tightly locked on special arbors, the 
piston rings are lowered, by an over- 
head traveling crane, into one of a 
long series of tanks. Said to be the 
largest chromium plating department 
in the world, the operation is based 
upon the Van der Horst process. (See 
page 112, September 1943 Scientific 
American. — Editor.) While experimertal 
work pre-dates the war, the present 
department, with its block-long line of 
plating tanks and generators, was 
planned immediately following Pearl 
Harbor, and has been in actual opera- 
tion for over a year. 

The “chrome” on airplane rings is not 
the bright, hard, plating used on auto- 
mobile bumpers. Instead, it is known as 
“Porus-Krome”— gentle on cylinder 
walls, permitting ample lubrication, and 
yet resisting wear to an extent that, if 
applied to industrial engines in post- 
war days, has long-life potentudities 
Jbeyond any piston ring set-up ever be- 
fore known in the trade. 
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Ov«r 6o ymars of 
service in the field of 


PRECISION 

OPTICS 

AND 

INSTRUMENTS 

• 

OPTICAL ENGINCERING 
AND INSTRUMENT DESIGN 

• 

WN. N06ET & SONS, INC. 

PLAINFIELD, NEW JERSEY 



PURPLE X LAMPS 

For oil Vitro Violet ond 

Fluorescent Experiments 
Ideal for testing Instrument 
dials treated with luminous 
paint Needs no auxiliary 
transformer or glass Alter 
Remit with order. Bent ex- 
press charges collect only 


Again ayallablo at 

$ 1-25 


MAZDA K:7! 

Medium Hcrew | 
Paso 


HARRY ROSS 


Scientific & Laboratory Apparatus 
68-70 West Broadway. N. Y. C. 


EARTH, MOON AND PLANETS 

By PREO 1. WHIPPLE 

Member of the Harvard College Ob- 
servatory staff presents authentic 
known facts on the planets, how the 
system holds together, the discoveries 
of Neptune and Pluto, determining 
the masses of the Earth and other 
bodies, the Earth as an abode of life, 
the Moon’s influence on the Earth, 
observing the Morjn, nature of the 
Moon; also on Jupiter, .Saturn, Uran- 
us, Neptune, Pluto, Mercury, and 
Venus, and on Mars; also on origin 
and evolution. — $2.60 postpaid. 

FOR SALE BY 

SCIENTIFIC AMERICAN 

24 W. 40th St. N»w York 18, N. Y. 


INVENTORS 
and other men 
have read and 

F ronted our 

ree hooka. 


HAVE YOU AN IDEA? 


"When and 

How to Sell Your Invention". Fully explain many 
intereatlng pointa to inventors and llluatrate Import- 
ant mechanical prlnoU^ea^ With hooka we also send 
free "Evidence of Invention" form. Prompt service, 
reasonable feet, deferred payments. Wrtte Imme- 
diaUly to: Victor J. Evana de Oo., Reglatered Patent 
Attomeya, 724-P Marlin Building. Washington. D.O 
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Expcrimentil and Modal Work 

nno lutnimonti end fino iinohtowy 
iDVODtiou Dovotopod 
•poelel Took. Dko. Ooor Outtint. XIo. 

NINXY ZUNR, Inc., W Infnyotto St., N.Y. II, N.Y. 



•gunk 0,90 .tneh atnUglit 


Th# UfauMT 

0 90 tl 

role In prooktdn. 
lO.OX. A. K.Lq|,LLl. 
f.T.o LLI. LL4. Bmori. 

OlTOi Trtc funetionato 

Add end Subtnet Bonlii 

1 minute from 0 to N 

dofrooi. Tbo onglBi-dl* 
▼Idod aenko ora on whlto 
aonmolod aaotnl. Yormn* 

nontly ooeuroto. Din. i^k*. 

Lnrfo flfuroa and grndun- 

tlona oltmiiinto oyoatmln. 

mlno and 

vtm|F. Prieo with UmSuSlona |i.00. onah or 
O.O.D. Dumhk onoo 90e ostm. Oireulnn frao. 
Tour m onay book If you art not ontlroly aatklod. 
OUaoD Blido Bole Co., Btwnrt, fin. 
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When yon write to 
advertisers 

a The Editor will appreciate 
it if you will meation that 

’'"“scientific 

itinAMERlCAN 


WRITTIN FOR 
AMATIURt — 
FROFISSIONALS USI 
TRIM IN 

WAR PRODUCTION 

Scientific American’, two teleMope 
book, 

AMATEUR TELESCOPE 
MARINO and 
AMATEUR TELESCOPE 
MARINO — ADVANCED 

woro proporod baforo tho war, with- 
out tho slightest thought of solo to 
professionals. Came the ware Hun- 
dreds of new optical industrias 
sprang upe Fewer amateurs found 
time to make telescopes yet sales of 
those books increasodi Investigation 
of sales revealed that tha naw indus- 
tries were buying them by the hun- 
dreds 

For their Officials 
For their Technical Stalls 
For thair Workman 
WhyY 

Because the basics of precision pro- 
duction in optics are essentially the 
sama for amateur and professional 
alike. Today the two b^ks arc in 
neeriy every optical industry’s offices 
in the nation. Thay ’’ratsl” 

Amateur Telescope Mskiag |14«00 
postpaid^ domestic; foreign |(5.35 
Amateur Telescope Maldng-^Ad- 
vanced fiJOO dom<^c| foreign 0.35 

SCIKNTIFIC AMERICAN 

24 WMt 4MI tt.» Niw Ywk 11* N. Y. 


Cirrsst Bsllftix 
Britit 

Gonductad by 

K. M. CANAVAN 


riaJi. Also covered are the fundamental 
requirements for efficient application 
of the method. A short bibliograi^y is 
included. JCostnum Kodak C<mpany, 
Rochester 4, Nav> York.— Request this 
bulletin on pour business letter head.’--- 
Gratis. 


(The flMHer wUl 
11 yea wilt awaaea m 
Ameriaea whea wtltlag^ 
of pabUoolloas listed 



TssixMoinr To Thx Futdsb is a 20-page 
cross-sectional report of post-war 
industrial research baaed upon Informa- 
tion obtained frmn member-companies 
of the Nadimal Association of Manu- 
facturers. It outlines the importance of 
such research and its implications for 
the average person and for industry at 
large. The National Association of 
Manufacturers, 14 West 49tH Street, New 
York, New Tork^— Gfratis. 

MbASUBINO AMD CONTROL INSTRUMENTS 
is a 16-page illustrated bulletin 
which descril^ a complete line of tmn- 
perature controllers and explains the 
^‘electronic principle** used lor effecting 
control wi^out contact between the 
measuring and control functions. Re- 
mote controllers, combustion safeguard 
equipment, and other instruments are 
also covered. Wheelco Instruments 
Company, Harrison and Peoria Streets, 
Chicago, Illinois.— -Gratis. 

Twt Observer’s Handbook yor 1944 con- 
tains data on the planets and other 
astronomical phenomena month by 
month; lists ^ double and multiple 
stars; variables; four star maps; an 
ephemeris of the Sun; and other data to 
the extent of about 80 pages. Most ama- 
teur astronomers obtain this booklet 
each year. Royal Astronomical Society 
of Canada, 198 College Street, Toronto, 
Ontario, Canada.— 2S cents. 

Cascopben Lt- 67 is an eight-page bul- 
letin dealing with the characteristics 
of liquid phenol-formaldehyde resin 
glue which is claimed to be the most 
durable type now in use and to be ap- 
plicable in the construction of airersit, 
barges, boat keels, and other wood prod- 
ucts. Casein Company of America, 350 
Madison Avenue, New York 17, New 
York.— Gratis. 


Safe-T-Grzp Fuss Pullers is a single 
sheet describing a new type oY in- 
sulated pliers for use in handling fuses, 
as well as other fuse devices. Ideal Com- 
mutator Dresser Company, 1288 Park 
Avenue, Sycamore, Illinois. — Gratis. 

Insulated Mateeialb Catalog is a 60- 
page illustrated handbook covering 
an entire line of insulating materials 
including vamiriied cloths, tapes, tub- 
ings, mica, and cements and compounds. 
General Electric Company, Bridgeport, 
Connecticut.— Gratis. 

RADXooaAPBY or Mateuals is a 100-page 
plastic bound book which provides 
a concise yet elmentary text describing 
the basic physical and chemical prin- 
c^les of radiography as applied to the 
non-destructive examination of mate- 


Lxqrt FkOM floors is a 24-page illus- 
trated bulletin describing a new t 3 npe 
of light-reflecting concrete Boor wldch 
becomes a giant reflector instead of the 
usual giant absorber of light. Examples 
show Ae advantages in overall lighting 
efficiency of white-cement floors and 
how such floors promote easier seeing 
by reducing lighting contrasts. Uni- 
versal Atlas Cement Company, Chrysler 
Building, New York, New York.— Gratis. 

New Tools for Learnxno is a 28-page 
bulletin which offers a coordinate 
program of pamphlets, radio transcripts, 
filn^ and recordings on vital prob- 
lems. The section on “Postwar Prob- 
lems** is of particular interest New 
Tools For Learning, Seven West 16th 
Street, New York, New York.— Gratis. 

Trail Blazers to Radionics and Reter- 
XNCB Guide to Ultra High Fre- 
QUiNCXis is a two-part booklet of 30 
and 56 pages respectively. The first part 
presents ^ort biographical sketches of 
those scientists and technicians who 
have been particularly active in the de- 
velopment of radio. The second part is 
essentially a bibliography of artides on 
the subject of ultra high frequencies 
whidi have appeared in United States 
and foreign publications. E. Kelsey, 
Zenith Radio Corporation, 480 North 
Michigan Avenue, Chicago 11, Illinois. 
—Gratis as long as supply lasts. 

Jansson Handbook or Precision Meas- 
urement is a 60-page illustrated 
booklet which gives, in the first chapter, 
a history of measurement and then con- 
tinues on through precision measure- 
ments with various instruments and 
with gage blocks. Jansson Gage Com- 
pany, 19208 Glendale Avenue, Detroit, 
Michigan.— Gratis. 

Coated Abrasives Is a 68-page general 
catalog on the subject of various 
forms of abrasive belts, disks, sleeves, 
cones, sheets, and so on. Included is a 
considerable amount of information on 
the overall subject of coated abrasives 
and their applications. Armour Sand- 
paper Works, Chicago, Illinois. — Gratis. 

Here’s A Grinding Wheel ... is an il- 
lustrated folder describing a line of 
open-structure grinding wheels which, 
u^ on certain types of jobs, can speed 
up production by making it possible to 
obtain uniform results on each grind. 
Norton Company, 100 New Bond Street, 
Worcester, Massachusetts^— Gratis. 

Conserve for Victort With Near Infra- 
Red is a 12-page illustrated issue of 
a house publication dealing specifically 
with the use of near infra-ri^ for in- 
dustrial heating and similar operations. 
The illustration show typical applica- 
tions, while drawings give specific uses. 
The Fostoria Pressed Steel Corpora^ 
Hon, F6&iovia, Ohio^—QraUe. 
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New Prodncts 


ICIATCI ELmiMATOB 

Developed for eliminating scratches 
which occur during the fine-grinding 
operation in the processing of lenses 
and prisms, Col-E^eroid is a product 
which, when used in the fine grinding 
process, acts as a defiocculent, keeping 
the emery finely suspended and pre- 
venting the emery from coagulating in- 
to larger sized particles. Thus it elim- 
inates the tendency for scratching. It 
also enables the emery to be broken 
down more finely, thus leaving a 
smoother finish on the glass. This in 
turn decreases the time necessary for 
polishing out the surface. It also acts 
to eliminate caking of the emery when 
left standing for any length of time 

Col-Emeroid, according to the makers, 
Optical Engineering Laboratories, can 
be used directly with the emery, in- 
stead of water, or it may be diluted 
with water, using one part to fotur or 
five parts of water, but the exact pro- 
portion is not critical. 

ISSUTOB coa C0AT1B6 

A NEW type low-loss resistor coating 
that will be marketed under the trade 
name of Lectraseel is a vitreous coat- 
ing that is highly resistant to thermal 
shock. Accelerated weathering tests in- 
dicate that a coil coated with Lectraseel 
IS immune to corrosion and should give 
satisfactory low-loss service over a 
long period even under adverse con- 
ditions. 

ram PHOTomm 

A NEW **Photelometer” of small size 
for industrial use, with sensitivity and 
accuracy sufficient for most laboratory 
determinations, has been developed by 
the Central Scientific Company. The in- 
strument is a compact filter photometer 
for chemical analyses in the routine or 
control laboratory. Molybdenum, titan- 
ium, vanadium, or manganese in steel, 
lead, copper, iron or vitamins in foods 
are a few typical determinations to 
which this unit lends itself. 

The *^Photelometer** is easily stand- 
ardized by determining the transmit- 
tancies of a number of solutions which 
are prepared in accordance with a spe- 
cific chemical procedure. The transmit - 



For routtae or oeotrol lobofa t ory 


tancies, when plotted on a semi-logar- 
ithmic scale against the known con- 
centrations on a linear scale, yield the 
analytical curve or standard with which 
unknown solutions may be compared. 

CONBUSTIOB rUBBACE 

Incident to the stepped-up produc- 
tion of high-octane aviation gasoline 
essential to the war program, the Univ- 
ersal Oil Products Company has de- 
veloped a multiple-unit electrically 
heated combustion furnace offering sev- 
eral novel features. The equipment is 
manufactured and offered commercially 
by the Precision Scientific Company. 

Although originally designed specifi- 
cally for the determination of carbon 
in cracking catalysts used for produc- 



One of mcmy potslblo oisembllot 


ing high-octane aviation gasoline, the 
equipment is modifiable to handle a 
wide variety of organic combustions 
within the temperature limit of 1000 de- 
grees, Fahrenheit. 

The equipment comprises an oxygen 
purification system for combustion 
gases; an oxygen pressure regulating 
column; and an electrically heated fur- 
nace 24 inches long, with four combus- 
tion tubes 1 inch in diameter by 30 
inches long. Heating intensity for each 
half of each tube is independently con- 
trolled, and temperature of any tube 
can be readily observed by means of an 
Indicating pyrometer. Conventional ab- 
sorption trains, with calcium chloride 
for absorption of moistiu-e and Ascarite 
for removal of carbon dioxide, are also 
used. 

The assembly illustrated is merely 
representative of other multiple as- 
semblies, which can be built up to suit 
the job involved. 

NETAUUBCICAL CHECIIBC 

An entirely new electromc means of 
checking and sorting metals for depth 
of case-hardening and other metallurgi- 
cal factors, has already undergone ex- 
tensive trials and has won the keen 
interest of metallurgists, ordnance ex- 
perts, and industrialists. It is based 
on the use of the Du Mont Cyclograph, 


Don’t let Shortafos 
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New Finely Ground and Polished with Edges 
Very Slightly Chipped! 

PLUS FREE, Htipfitl Proitof SHEETS 

Stt #105-$ “The QadgtfMr's Dtlighr 
35 Lmsss for $5.00, Postpaid 

For experimental optics, magnifylni;. making Oallleaa 
telescopes, and lor many uses In photography such m 
copying, ultra close-up shots, making telephoto lens. 
Kodacnrome and Stereoscopic viewers, and for many 
other uses 

Set #110*S **Tlia Exporimaatar’s Draam" 
60 Lansai and ona Prism for $10.00 Postpaid 

Contains all the lenses in the above sets plus 25 
others that make this a ‘‘sensational buy " ‘The 
variety of lenses in this set will enable srou to 
conduct countless experiments, and build many 
optical gadgets All our lenses are neatly packed 
and marked for diameter and focal length 
Also includes a Prism. 


Othar Salvagad Spacials 

Flint and Crown Achromatic CombinatiODs 
Unoemented—Unground Edges 
Diameter P L Price 

53 MM 7“ $1 50 

55 MM 6* 1 50 

36 MM 4* 1 30 

Stick of Canadian Balsam Cement 504 


PRISMS — 00-4545 DtgrM 

121-8 — ti 00 Postpaid 

13 MM long by 6 MM high 
« 122-8 — $l 35 Postpaid 

5 MM long by 13 MM hlgb 
» 123-8 — $2 26 Postpaid 

One face ground convex f.l 60 
MM. size 14 MM long by 14 MM 
high 


EDMUND SALVAGE COMPANY 

27 West Clinton Avenue 
P. O. Audubon, New Jersey 


For Scientific and Technical Booke 
Try our BOOK DEPARTMENT 
SCIENTIFIC AMERICAN 


INVENTORS 

Free Patent Guide 


r protect youb invention 

WITH A U. S. PATENT 

Take first step to protect your 
rights to your invention— without 
cost Mall coupon today for Free 
“Record of Invention “ form and complete Instruotlone 
for making legal disclosure of Invention end 
eetabllshlng date. We also send 46 page free Book. 
“Patent Oulde for the Inventor" telling Importanoe 
Of prompt action: how to sell and market yooi 
Invention, how to make Application for Patent, 
examples of Successful Inventions Also detalb 

of how a Patent protects you; our reasonablt 
charges for preparing applications Including official 
drainnes and lechnical specifications: confidential 
search servloe to be reasonably certain Invention 
Is patentable; prompt service; strlot secrecy, plan 
for you to pay in small payments as application 

K egresses; other facts yoxi want to know about 
tent Protection. Mall coupon for Pree “Patoni 
k “Ouldo" and “Record of Invention** form today, j 


CLARENCE A. O’BRIEN 

and HARVEY B. JACOBSON 



34>M Adams Btdo., Washtnoton, D. C. 


I Please send me your 48-page “Patent Qnlde*' I 

I and your specially prepared “Record of Inven- I 

I tion'^ form PRXB. This requeet doee not obU- | 

* gate me. | 

I I 

j Name ! 

I Addrese i 

I city State I 

I (Pisese writs or firiiBt pleffiif ) | 
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MODEL STEAM MARINE ENOINE 



Our precUion one-cylinder Marine Engine If a 
favorite with model makere who want the beet 
In engineering deeign. May be built with eluteh 
or reveree gear Hae oil and water pump with 
automatic return feed and operating valvee. Not 
a toy but an engineered modal operating at prea- 
auref comparable to the moit modem marine 
construction Will drive boat hulls up to 48 
inches long. Seale to one inch. lU^* overall, 
gi.i* high. 4' wide. Send $8 00 for eleven pages 
of scale drawings including boiler layout and two 
actual photographs, or 20c for photograph show- 
ing two views including boiler. Sets available of 
rough or semi-flnished eastings. Also completed 
enginea shop tested 

THE THOMPSON ENGINEERING COMPANY 

Orond Rc^iids 2, Michigan 



I. W. PnOB A CO. 


POOH 

EYESIGHT? 
Try thg Nsw PIXB 
Elwctric Rsadsr 

A boon for elderly 
people and others with 
poor eyesight. Wonder* 
tul for doctors, scien- 
tists and draftsmen. 
Write for free information 
snd details of this new In- 
vention that makes read- 
ing matter 3 times larger. 

EUsab«Ui« M. f. 




CMnplMt HUIVIt-SIUUT 
Cour«M and aalf -tontracdon 
boolcM, sMffhtly u««d R«ntad. 
««ld, •xcbM«»d AllaubjMU. 
tetlftfaoUon irtwrftntMd (^h 
p%td {orut*»roo«r««ii. 

Uilii A 84-iMur« b«r- 

ffAin c«Ulo^ril^ Writ# iwm 
* Mpt. |4i« CMcMO. Ill* 



15,000 

FORMULAS 

• • • 

1077 

PAGES 

• • • 

IN 

HOPKINS’ 
’’CYCLOPEDIA 
OF FORMULAS” 

Thousands of copies of this ac- 
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material; many 
spare- and full-time businesses have 
b^ built up on one or more of its 
formulas; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyas, pot- 
iihes, paints and varnishes, adha- 
tivei, cosmetics and antisepdcs are 
only a faw of tha factions of this 
all-inclusive book, 

15.50 poetpald (Domeetlc) 

Ordtr ProM 

lOICNTiriO AMERIOAN 
14 Wm« lOtli itTMl, Niw York II, U. Y. 


a cathode-ray instrument which pro- 
vides a visual means of checking and 
comparing known and unknown metal- 
lurgical items. 

The Cyclograph, by the use of several 
frequencies, either one after the other 
or simultaneously, checks or compares 
known and unknown metal pieces ac- 
cording to such factors as case depth, 
depth of decarburization, amount of 
cold- working, brittleness (stress gradi- 
ents) , hardness gradients, structure, and 
so on. 


lOm BANDSAW 

A "caRAViTY-FEED'* metal cutting band- 
saw, recently announced, is so designed 
that the saw blade feeds into the work 
through movement of a balanced blade 
wheel frame on an inclined track. 
Blade pressure is automatically reg- 
ulated by texture and degree of hard- 
ness of metal being cut and requires no 
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Sow moves; work It stoUonary 


attention from operator. This largely 
eliminates blade breakage due to in- 
correct pressure. 

This new saw, made by the Universal 
Vise and Tool Company, is adaptable 
for cut off, trim, and contour work. It 
has a maximum cut of 7 inches vertic- 
ally, and the blade travels 7 inches in- 
to the work. 


WETTING NATCBIAL 

Developed to improve the action of 
water on the gummed surface of tape 
employed in sealing operations, a new 
wetting material called Aquaflux is 
added to the water in proportions gov- 
erned by the water hardness. 

TWIN THREAD SCBEW 

A NEW patented screw for wood, plas- 
tic, and combination assemblies, known 
as the Twin-Fast Screw, has two par- 
allel threads which start at opposite 
sides of the shank and terminate in a 
single, centered point. The twin-thread 
construction affords a far greater thread 
pitch than does the conventional screw, 
so that the driving speed is doubled. 
Yet the driving torque is only nominal, 
since the twin-thread construction pro- 
vides the standard number of threads 
per inch. 

An added advantage for plastic as- 
semblies is that Twin-Fast Screws, 



Double throod, cylindrical contour 


made by The Blake and Johnson Com- 
pany, are self-tapping. They cut their 
own clean, full threads. The Twin-Fast 
Screw is cylindrical in contour (not 
tapered), giving the screw greater 
strength. Also, the thread area is in- 
creased, providing more extensive con- 
tact, tighter seating, and greater holding 
power than with tapered screws. 

The relieved shank diameter of Twin- 
Fast Screws acts to eliminate stresses 
which may be set up by the shank and 
cause fractures or ruptures. 

IPN1N6 TESTED 

A NEW tool for testing compression 
springs in sizes to 2^ inches diameter 
and 7 inches in length not only makes 
it possible to measure rapidly the 
recoil pressure of springs when com- 
pressed to any predetermined length, 
but makes it possible to accurately 
match sets of springs, as for use as 
valve springs in gasoline engines. 

The Sturtevant Spring Tester is 
operated with any accurate standard 
torque wrench, the torque wrench 
not only serving as the operating lever, 
but also providing the measuring ele- 
ment The compression of spring is 
against a rigid platform to prevent 
accumulated errors in reading. 

Developed originally as a means ot 
accurately matching valve springs of 
airplane and automotive engines, the 
first of these tools in the field are find- 
ing a much wider range of application. 
They are being used not only for test- 
ing springs of all sorts within their 
capacity, but also for proof-testing 
strength of press fits and for light arbor 
press production operations where they 
permit the rapid application of accur- 
ately gaged pressures. 

BAPID NETAL COATING 

Developed to expedite application of 
the heavier silver coatings now speci- 
fied on many government projects, for 
bus bars, lugs, and other parts elec- 
trical equipment, a new rapid metal - 
coating process is also useful for plat- 
ing, replating, or touching up rust and 
corrosion-resistant coatings of other 
metals, on production lines or in the 
field. The system is available for use 
of silver, cadmium, tin, copper, zinc, 
nickel, and gold. 

Quick and positive in operation, the 
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equipment requires only three basic 
items: (1) rapid electrol 3 rte; (2) rapid 
metal cleaner; (3) rapid applicator. 
Plating current for sm^l jobs can be 
obtained from dry batteries, storage 
battery, or any convenient source sup- 
plying direct current at three to six 
volts. A special rectifier is recommended 
for large quantities of work. Standard 
applicators are available in three sizes; 
special applicators can be made to order 
to facilitate work in very close quar- 
ters, or for unusual requirements on 
production lines. 

NAMT-REICIT MCI 

How ONE jack can be adjusted to a 
variety of heights to eliminate the need 
for a variety of jacks is shown in the 
accompanying illustration of a fast ac- 
tion Malabar variable height wing or 
nose jack. With only a wrench, the leg 
sections (attached to base) can be in- 
terchanged to add 18 or 36 inches to 
the minimum closed height. The basic 
minimum is offered in 36, 48, and 60 
inch models, with hydraulic lifts of 



Jack oi many heights 


from 24 to 34 and 44 inches. The 16- 
inch screw increases the versatility so 
that total extended vertical heights are 
76, 98, and 120 inches respectively with 
minimum legs. These jacks are built 
with capacities of 5, 7%, 12, 17, and 25 
tons. 


SEALDIC TAPES 

Literally thousands of miles of spe- 
cially designed sealing tapes have al- 
ready been furnished to the aircraft 
industry by the Paint Division of the 
Pittsburgh Plate Glass Company. Fab- 
seal, Chromseal, and Stratoseal are 
made in rolls 50 feet long and in 
widths varying from one-half inch to 
24 inches. The application of sealing 
tapes is a great deal faster than the 
application of caulking compounds with 
a putty gun or by hand. Thtis many 
man hours are saved in the over-all 
construction of aircraft. 

Fabseal is particularly designed for 
use as a gasket in the construction of 
dying boat hulls, and of gas and oil 
tanks where internal or external pres- 
sures are encountered imder constant 
vibration or sudden impact. It is an 
Impregnated fabric with an interleaf 
separating the fabric layers. Before the 
fabric is impregnated with compound, 


it is treated to make it water-, gaso- 
line-, and oil -resistant to prevent wick- 
ing action. The tape may be applied to 
any metal or wood section of a fuel 
tank, pontoon, and so on, and after ap- 
plication the interleaf is removed, ex- 
posing the upper surface of the tape, 
which is then ready to receive another 
riveted or bolted section. Fabseal is .010 
inches thick when compressed between 
surfaces under rivet or bolt pressure. 

Chromseal is a solid ribbon of com- 
pound with no fabric as part of its com- 
position, and therefore is more flexible 
than Fabseal. It is especially suited as 
a gasket material between riveted or 
bolted surfaces of integral fuel tanks, 
droppable reserve tanks, as well as a 
seal for plastic enclosures and glass 
cockpit framing. Chromseal can be 
molded by hand to conform to ahnost 
any angle, curve, or contour. It is also 
highly resistant to gasoline, oil, and 
water. 

Stratoseal, as its name suggests, is 
designed for the sealing of the cabins 
of stratosphere-flying planes. In the 
construction of these cabins and 
fuselages every seam, joint, and door 
must be sealed against leaks, and the 
sealing material used must remain 
flexible in temperatures ranging from 
70 degrees below zero to 150 degrees 
above zero. Stratoseal, also a solid rib- 
bon of compound, meets these extreme 
conditions and remains flexible. It can 
be applied between overlapping metal 
joints or over the inside surface of the 
joints by the use of Stratoseal ad- 
hesive. 

DOST CONTBOL 

A NEW compound developed for laying 
airport dust is described as a stable 
homogeneous liquid of relatively low 
viscosity which may be diluted or ex- 
tended with water in all proportions. 
The concentrate and its emulsions are 
said to be effective in wetting and 
penetrating all types of soil includ- 
ing moist earth. 

According to the Research Director 
of the Curran Corporation, the new 
compound may be actually applied to 
a soft muddy surface immediately fol- 
lowing a rain Because of a new type 


NEW PRODUCTS 

A well established company 
with modem laboratories and 
an extensive sales force in 
various industries would wel- 
come the opportunity to con- 
sider new ideas, chemicals or 
raw materials, with the view 
of assisting in their develop- 
ment and commercialization. 

Address Box 9000, Scientific 
American, 24 West 40th St., 
New York City. 


I Se»d /or FREE UTEMTIWE on 

BATENTS 

■ C.A.I 


AND TRMI MARKS ] 

C.A.SNeW«CO. 

Reg* Patent Attorneys Since 187} 

1 480 Snow BI4c> Wathlngfon f, D. Ot 



DIE-LESS 

DUPLICATING 


U»e "DIE-LBSS DUPLICAT- 
ING” with Di-Acro Shears, 
Brakes, Benders. All duplicated 
work is accurate to .001''. You’ll 
get a new slant on ”shortprun” 
production problems from the 
great variety of parts which can 
be product by Di-Acro Ma- 
chines. Thousands of them are in 
use saving Man Hours and Crit- 
ical Materials. 



SHEAR 

Dt-Acro Shear 
iquaree and slsee 
material, cute 
•tripe, makec slits 
or notches. 


BRAKE 

Di-Acro Brake 
forme angles, 
channels or 
“Vees ” Creates 
non-stock slsed 
parts 


BENDER 

Dl-Acro Bender 
bends angle, chan- 
nel, rod. tubing, 
wire, moulding, 
strip stock, etc 


WRITE FOR CATALOG "METAL DUPLICATING WITHOUT DIES" 


nnEiL-iHiuin 




347 Bth Avenue Be., 
MinnesKSelis 15 , Mbia. 
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tht DIcniALIZER removM th*t “dtcimal potaii 
hMMtl*’ Inhfrtnt in eomputotionf mnd# with ton 
■lldn nil* or ottMnrlM. 

Poekot oIm: durablt (ftelnloH rteil). t io ood* 
Infly smooth In notion. Purnishod in Imthm 
OMO, with oomplttf dlrtoiloof for ntlnf. Frloo 
H, pottpoid; with oxtim* OMlly IntorehonfooUt 
aonlo whioh odoUm tho Inftartmont to pmom 
ostoodod mnlttpUentlon tad dlrloi^ Bd oAto 
oddltiAol. Monty book If rttiirnod wt&ln 10 dnyt. 

OSQROfl H« MOE8B 

tt7— 4itli fttroot Sofitb Artlnylom, Tn^ 



VEEDER-ROOT INC. 


For Setontillc ond Technical Bookt 
Try our BOOK DEPARTMENT 
SCIENTinC AMERICAN 


THE HENRY SYSTEM 
Of Finger Print 
Classification 
and 

Identiflcation 

it now in uie by moef 
of the Police Dcpertmenti in the 
United Statea. It it alto the tyttetn 
which applicantt for many Civil 
Service potitiont mutt matter before 
they can tucceitfully fill all require- 
mentt. 

The only book bated on the Henry 
Syetem it Frederick Kuhne^t 

*THE FINGER PRINT 
INSTRUCTOR” 

In thu 182-page book, writteo<*by a 
noted finger print expert who wat 
for many yeart in the Bureau of 
Criminal Invettigation, New York 
Police Department, will be found 
complete inttructiont on every phaae 
yf the work from taking the printf 
to final identification. Numeroui 
photographt and reproductiont of 
printt make all detaUt clear* 

Used by many governmental and 
induftrial personnel departmenti 
end by the F.B.I. 

14.25 postpaid 
New 1942 Printing 

Mgr Frtn SCIBNTIFIO AIIB8I8AN 
14 Wsst 40ni StTMt, NSW York 11, N, Y. 


of emulsifier used, the new oil will wet 
only the top two inches of the soil since 
it becomes water insoluble on farther 
penetration. Because of this property, 
the composition is not dissolved and 
leached away into the soil by a follow- 
ing heavy rain. The compound is also 
stated to be safe and easy to handle; 
is non-corrosive to metal and spray 
equipment, and contains an effective 
weed killer. The cost to use is said to 
be less than that of distillates or sludge 
oils. 

BEiaiClCT NKASnENEIT 

Not only rubber technologists and re- 
search scientists but manufacturers and 
consumers of rubber products or other 
extensible materials often want to know 
just how much resiliency or ‘‘springi- 
ness*’ is possessed by the material in 
question. Resiliency may be roughly de- 



Drepping o 
weighted phmger 
and noting 
the rebound 
gives o 

meosurement of 
the resiliency of 
rubber and 
other 

extensible 

compounds 


fined as the property which accounts 
for the “bounce” or rebound of a rub- 
ber ball, for example. It is of more than 
passing interest because it may be an 
index to other important properties. To 
measure resiliency is the function of an 
instrument known as the Resiliometer. 
manufactured by the Precision Scientific 
Company 

Resiliency of rubber and extensible 
plastic compounds is indicated by the 
rebound of a weighted plunger dropped 
on the test specimen from a predeter- 
mined height. Resiliency tests are con- 
ducted in the development of rubber 
and extensible plastic compounds, for 
measuring rate and state of cure; 
matching competitive compounds; fac- 
tory control tests on cured samples of 
mixed batches; quality tests of the fin- 
ished product without destroying the 
product; comparing heat build-up of 
various compounds; measuring plas- 
ticity of uncured compounds and mas- 
ticated rubber. 

IMSUUTCB-nrLECTin OYCM 

CoNFiGiTRATiONS of a wide variety, for 
application to specific drying problems, 
may be had with a new flexible tyne 
of infra-red oven. The parts of the 
oven are made up in stock blanks 
which can be grouped or re-grouped 
on the job to obtain the drying areas 
necessary for any specific work. 

These ovens, made by hifra-Red 


Engineers and Designers, use standard 
incandescent infra-red lamps and also 
incorporate reflective panels which 
carom the heat rays to concentrate 
them upon certain parts. 

SEAN-WELD1I6 CBl 

A NEW development in seam-welding 
in the form of an air-operated portable 
gun with which parts that are too big 
to “take to the machine” — and also 
large assemblies which are mounted in 
stationary fixtures — can be seam- 
welded, announced by Progressive 
Welder Company, is already in use 
welding 22-foot seams on disposable 
light-weight fuel tanks. 

The machine has been designed for 
welding steel up to two thicknesses of 
20-gage metal, including stainless steels 
The gun is universally suspended and 
can be swiveled about so that the op' 
erator can weld in almost any direction 
— horizontally or vertically. 

Features of this new seam-welding 
gun include a head operated by an air 
motor using 42 cubic feet of air per 
minute under load. When the seam- 
welding gtm b in operation, the air 
passing into the handle runs the motor 
Pushing the control button— which is 
located on the guide handle at the 
right of the gun — operates a solenoid 
switch, letting the air into the cylinder 
on the gun. Thb air cylinder has » 
diameter of 4^ inches, which b large 
enough to provide a maximum pressure 
of 1400 pounds per square inch with 90 
pounds of line pressure, permitting the 
seam-welding of stainless steel. 

The air flowing into the cylinder 
forces the upper and lower wheeb to- 
gether. The upper wheel b the idling 
wheel; the lower is the driven. When 
the air pressure reaches a pre-set val- 
ue, the pressure switch starts the weld- 
ing timer and the gun begins to seam- 
weld. The air motor runs continuously 
when the air is “on.” Removing the 
pressure from the button control causes 
the solenoid valve to release the air in 
the cylinder. At the same time, the 
pressure switch cuts off both the timer 
and the welding current. 
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Oil Book Coinei 

THE BOOK DEPARTMENT oi Sci«ntiRc Amtricon t« conducted* with th« 
co-op«ratlon ol the Editors, to moke orailcdble lor you a comprehensive 
book service. Each month the Editors select and review in these columns 
new books in a wide range oi scientific and technical fields. In addition, 
they ore ready at all times to odvise you regarding the best available 
books on ony sublect. You ore invited to use ^is sorvice freely. Tell our 
Book Department what kind of books you want ond you will be furnished 
with the names of ovoilable books, including prices. When inquiring 
about books, pleose be specific; remember that we con be of the greatest 
help only when you tell us lust what you are looking for. Books listed 
In these columns moy be ordered from our Book Deportment. Add 25 
cents per book for mailing outside U. 8. 

TO MAKE CERTAIN that books ordered by or for men in the Array, 
locoted in the United Stotes, or men in the Navy, locoted onywhere, 
will be delivered, insuronce fees should be sent with orders, os 


follows: To $5 In volue, St 
850, ISt. 

rORWAlD WITR SCnClICB 
By Refers R. Risk 

P HixxisoPHXCAL discussions of develop* 
ments centering around physics: 
Newly discovered particles; electron 
microscope; keeping up with X-rays; 
man-made radioactivity; atom smash- 
ing; atomic energy; cosmic rays; man 
outgrows mechanism; is Einstein out- 
moded?; astrophysics; does nature make 
sense?; science and war; remaking the 
world; human freedom and destiny. 
This book, by the professor of physics 
at Mount Holyoke College, sufficiently 
explains the above things but mainly it 
discusses their significance in our mod- 
em and future world. Thus it is more 
thought- provoking than mere fact-stat- 
ing. (307 pages, by 8% inches, 28 
illustrations.) — ^.60 postpaid. — A.GJ 

TECHRICAL linRRRK 

Per Sflviai PreUemt la Shtp tr Pacliry 

Ry Edward I, Laaf 

M athematics and science as applied 
to the industrial job — covering 
arithmetic, solving triangles, loga- 
rithms, simple machines, properties of 
materials, chemical computation, and so 
on — are presented in simple and con- 
cise form for easy study and rapid 
reference. (100 pages, 5% by 8 Inches, 
a large number of drawings, paper 
covers, and pages pimched for standard 
three-ring binders. )~-$l 10 postpaid ~ 
AP.P. 

IRW TBDB ARNT nm% 

Ry Capl. Lewett N. UaifiB 

B e a swxvel-chair strategist, or a bet- 
ter one. Typical chapters: Old 
Strategy— New Tactics; Control of the 
Modem Army; How Modern Armies 
Attack; Enshmuding the Machine in 
Secrecy; The New Logistics (to say 
plain ‘^supply** for logistics today brands 
you as a back number — and don’t say 
“orders” for directives, else the Arm- 
chair Experts’ Union will pitch you 
out) ; How Modem Armies Attack; The 
Changing Tempo of Modem War. Main 
emph^is in this book is on the new in 
waiiare. Author is a West Point man 
and this is an easy version, in chatty. 


additional; from $5 to $25, ip^; from $25 to 


style, of what’s taught to modern mili- 
tary officers, enabling the reader to 
estimate correctly what’s behind the un- 
conscious distortions of the daily news- 
paper and the-people-who-don’t-un- 
derstand. (388 pages, by 8% inches, 
31 illustrations.) — $3.10 postpaid.— J.P.C. 

rURDANENTALS OF IROPWORK 
By WillUm R. Jskassa aa$ Ltait Y. Htwkirk 

C OMPREHENSIVE indeed is the simplified 
text of this book covering such 
phases of shopwork as hand and ma- 
chine tools, measuring and gaging, 
woodworking and metalworking, wir- 
ing and wire splicing, ropes and knots. 
Although designed as an introductory 
course for Army technicians, this 
book will be welcomed by every “home 
mechanic ” (200 pages, by 11^ 

inches, lavishly illustrated )^-$2.10 post- 
paid. — A.P.P. 

THE MICROSCOPE AHD IH USE 
By Niaos ud Ckaripytr 

T echnical book in non-techmcal lan- 
guage. Chapters on: Evolution of the 
microscope; modern microscope; illu- 
mination; microtomes; use and care of 
microscope; stereoscopic microscope; 
metallurgical microscope; polarizing 
microscope; accessories; common errors 
in use; glossary; bibliography. This 
book would not satisfy (1) experts (2) 
kids (3) dabblers. It should satisfy 
adult beginners, at least for a year or 
so, when they will begin crying for 
more detail, for it omits theory and 
presents practice alone. (334 pages, 5% 
by 8V^ inches, 122 illustrations.) — $2 60 
postpaid. — A.GJ, 

RADIO - IL 

Ry R. E. WlUiams ui Owrlti A. Icarlell 

ICKING up where Volume I (recently 
reviewed in these columns) left off, 
the present text deals with vacuum 
tubes and their applications, micro- 
phones and loud speakers, transmitting 
equipment, antennas, cathode-ray oscil- 
loscopes, and so on, all presented in a 
simplified and understandable form, de- 
signed to complement the pre-induc- 
tion training course in fundamentals of 
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Home-Study Course in 
SENDING and RECEIVING 
RADIO CODE 

— with oil nocesiory tnitcuc* 
tiono and proctico motorioi 

Juii Out — Arthur R, Nil$on*i 

RADIO CODE MANUAL 

Price, $2.60, postpoid 

A comploto couroo in radio codo — how 
to Mnd and road it. Givco 20 laooono, 
beginning with oimplaat codo charactoro 
and laading up to tho handling of actual 
moaMgao and prooo diapatchaa, wcathor 
ffoporto, and diftroao maooagao. 
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POLAROID 


Idaal LIGHT polarixing pnatarial lor all 
photographic and EXPERIMENTAL purpoooa 
2 pieces, 2x2' Postpaid, Remit 

with full Instructions # ■ with order. 
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The 

Editors 

Recommend 

Jlesf Sellers in S€ien€€ 

PLASTICS — By J. H. Bubott, ReviHed «nd rn 
larged edition of an important work on the whole 
general aubjoct of pUatica, plus much new material 
on nynthetic rubber, manufacturing proceaaea, and 
plaatic molding, $3*85 

fe.XFERIMe> TAL ELECTRONICS — By Bolph 
II. MulUr, R. L, Gannan, and IB, E. Draa. 
A aolid book of eminently practical information on 
the characteriatica and non communication appllca- 
tiona of electron tube*. The text deacribea expen- 
raenta and preaeota reaulta. For atudenta, radio 
engineera, oommunicattona experts, and the aerioua 
general reader. $4.7$ 

A rOMS, STARS, AND NEBULAE — By Goldbmrg 
and Allar, One of the ‘‘Harvard Hooka on Astrono- 
my. '* An elementary treatise on aatrophyaica, nei- 
ther light nor too formidable for readers familiar 
with elementary astronomy. $8.60 


GET TOUCH! — By Capt. r. E. Fairbairn. 
How-to-win-in-hand to-hand-fighting directions, by a 
man who really knows rough and tumble methods 
that are not “clean** fighting but are deaigned to 
win. $1.10 


f'OLLEGE PHYSICS — By Henry 4. Perkine, 
Se,D, Revised second edition (unabridged) of a 
textbook which places emphaaia on the diflFicult por- 
tions, on the old physics matcod of modern corpus- 
colar physics, and on principles rather than concrete 
phenomena. $ 6.10 

LEARNING TO NAVIGATE — By raemea and 
Ebarle, For those totally inexperienced or only 
casually familiar with the fundamentals of navigation, 
this text will provide a practical handbook leading 
to an understanding of navigation at sea or in the 
air A number of illuntratiuna and tabulations $2,10 

FUNDAMENTALS OF RADIO — By Jordan, 
Ogterbrorky Pumphary, and Smehy, With this 
one volume alone, and with aome diligence of appli- 
cation, It is possible to obtain a thorough grounding 
in railio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, thm 
hook 14 outstanding. $5.10 

FUNDAMENTALS OF ELECTRICITl — By a 
Staff of Electrical Kxperte. Although designed to 
supply men about to enter military service witli a 
foundation fur further training, this text will serve 
a similar fMirpone for anyone desirous of nrqiintng 
Kill h knowledge $ 2.10 

ELEMENTS OF ORDNANCE — \ textbook pre 
pared for cadets of the United States Military Acnd 
eniy Covers manufacture, the chemlatrT of explomve*. 
types of weapons, inathrmatas of bnllistws, cli 

$6.60 

AIRCRAFT INSTRUMENTS — Hr George EllU 
Irvin. All types of instruments for nirerafl use de 
scribed for students, pilots, inspectors FundamentaN, 
instructions. $.$.10 


MARINE DIESEL HANDBOOK — By Louie JL 
Fordt IB.A. A compendium of data on design, 
conatTuction, and operation of the marine Diesel 
engine with chapters covering applicationa, prin- 
ciplet, typea, fuel Injection ayatema, lubrication, 
supereharging, and so on. $7.85 

MACHINERY'S HANDBOOK ^ — Eleventh Edition, 
*‘Bible of the mechanical industry,** enlarged to 
1815 pages of lateat standards, data, and information 
required daily in the shop and drafting room. 

$ 6.10 

PROCEDURF.S IN EXPERIMENTAL PHYSICS — 
By John Strong, Ph.D. A wealth of useful data of 
a practical kind for the constructor, experimenter, 
and skilled craftsman. $6.80 

STEEL SQUARE POCKET BOOK — by Dwight 
L. Stoddard. Practical methods for using the car- 
penter*a steel square for layout work of all kinds. 
Time-tried methods used by two generations of car- 
penters and found both rapid and accurate. $1.00 

REFINING PRECIOUS METAL WASTES — By 
C. M. Hoke. A practical book, based on experi- 
ence, dealing with processing, identification, and 
repurification of such metals as gold, platinum, 
silver, alloys, iridium, and rhodium. $8.10 

WORKING WITH THE MICROSCOPE — By 
Julian D. Carrington. For the aerioua beginnar. 
Explicit, practical. $3.60 

TOOL MAKING — By €. B. Cole. Instructions for 
making and using all kinds, from personal tools to 
arbor presses, lathes, planers, etc., in different 
metals. $3.60 

THE ELECTRON MICROSCOPE — By Burton 
and Kohl. A well written account of this newest 
tool of science, with all technicalities explained for 
complete understanding by average persons. $3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPK 
WORK — By Granmont and Heneel. More knots 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of. 
3257 knots are illustrated in half tone reproduction 
and are described in the text. $5.10 

A MATHEMATICS REFRF.SHER — By A. 
Hooper, Prepared mainly to refresh aviation 
trainees whose high school mathematics is rusty. 
Scope arithmetic through calculus. $2.60 


PLASTIC.S, PROBLEMS AND PROCESSES — By 
Hanepmrger and Pepper, The whole story of plas- 
tics, including a resume of manufacturing processes 
and a number of thorough-going chapters devoted to 
plastic uses $3.10 


iUTOMATIC ARM.S — By Melvin M. Johneon 
and f harlee T. Hai'en, rompiebrnsivcly i overs 
machine guns, machine rifles, suh machine guns, 
pocket pistols, shotguns, sporting, mllitarv rifles in 
autonintic classification. $ 5.10 

MIRACIFIS OF MILITARY MEDICINE — By 
Albert (J. MaUel. The drugs, devices, uiui lech 
nnyues used in the scrvucs $ 2.85 

HANDHOOK OF CHEMISTRY AND PIHSIO — 

A I lassie rcfeitmr hook retenlly levised and bi ought 
up to-dntc to keep pace with recent rcseareli In- 
eludea tnntc-nal on all branches of chemistry, physii s 
and allied sc lenecs. Used in laboratories and by 
engineers thicuighout the eouiilry. Flexible binding. 
2503 pages $1.10 F'orrign $4..$0, postpalil 

ATOMIC ARTILIEUY — By John Kellock 
Robertnon. F.irrlrons, protons, positrons photons, 
neutrons, and cosmic rays, all described for tlioir 
lavnian in plain language. Also transmutation of the 
elements and the mnniifaetiire of artificial radio 
activitv $ 2 ..‘I 5 


radio as prepared by the War Depart- 
ment. (170 pages, 6 V& by 9V& inches, a 
number of drawings, photographs, and 
tabulations.) — $1.35 postpaid. — 
A.PJ>. 

BASIC FEYSICS FOB FaOTS 
MB FLICHT CBCWS 

By E. J. Eaiyp 

D esigned to give a thorough yet rapid 
grasp of the fundamental physics 
necessary for preliminary aviation 
training, the text of this book follows 
an outline set up by the Civil Aero- 
nautics Administration. Interestingly 
written and sufficiently simplified for 
use as a self-study course. (118 pages, 
5 by 8 inches, thoroughly illustrated.) 
— $1.75 postpaid. — J.P.C. 

CLOSSABT or 8 llFBim.Blll 6 ABB 

ovtfitthic tebns 

By W. J. EOdiaflia 

F rom A to Z, an extensive dictionary 
of living maritime deEnitions written 
by an actual, not an armchair, seaman 
from the modem merchant marine and 
with emphasis on the practical and not 
the romantic. Appendix gives list of 
deck department, engine room, and 
machine tools. (435 pages, 5 by 7% 
inches, illustrated.) — $3.60 postpaid. — 
A.G.I. 

ELECTBOBIC COMTBOL OF 
BESISTMCB WELBOfO 

By 6 i$r 9 $ N. Ch«l$ 

E lectron tubes and their circuits for 
the control of resistance welders are 
presented here in practical and rela- 
tively simple form. The text is de- 
signed to aid those men who work with 
and maintain these controls in industry 
(389 pages, by 9% inches, a number 
of drawings and a few photographs.) — 
$4.10 postpaid — A.P.P. 

FBNDAMEIITALS OF EHGUfEEBIMG 
DRAWING 

By Warrta J. Lnsidder 

A imed at the mental level of technical 
students and professional draftsmen, 
the text of this book covers the general 
subject of its title from the selection 
of drawing materials and equipment 
through engineering geometry, technical 
lettering, the theory of projection, sym- 
bols, design problems, and technique to 
an appendix which gives a number of 
tables of valuable engineering data. (568 
pages, 6 ^/^ by 9^ inches.)— ^4.10 post- 
paid. — J.P.C. 

NAN'S DNSNOWN ANCESTORS 
By Rtymoad W. N«my 

N one of the numerous books on 
ancient man that this reviewer has 
read in the past 22 years gave so gen- 
erous and inclusive a round-up of the 
notable discoveries, and of some of the 
less well-known finds, as this — ^not even 
for one hemisphere; while this very 
well-rounded work covers both Old 
World and , New World discoveries 
equally well and for the whole time 
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scope, early to late. It details each dis- 
covery, discusses it, cites salient opin- 
ions, arguments, and disputes about it, 
giving the most recent consensus, thus 
bringing the whole subject up to date. 
It is not a light work, nor on the other 
hand is it a pedantic or professional 
book, but lies between these levels. 
About this new book it is possible to 
enthuse a great deal. (384 pages, 6 by 
9 inches, 37 illustrations.) -^3.60 post- 
paid.~A.G./. 

SLIDE BIILE SmPLiriED 
By C. 0. Harris 

H ow TO use a slide rule in all of the 
many applications to which this tool 
of the engineer can be put. The author 
has gone to great length to simplify 
slide-rule applications, instead of 
shrouding it in the mystery that so 
often surrounds it, using a large num- 
ber of illustrations to make the whole 
matter perfectly clear. (250 pages, in- 
cluding practice problems and answers; 
6 by 8% inches; heavily illustrated.) — 
$3.60 postpaid including genuine Dietz- 
gen slide rule; $2.60 postpaid for book 
alone. — AJP.P. 

PBINEB OF CELESTIAL BAT16AT10B 
By Jplui FariU 

E lementary textbook for seamen- to- 
be or avia tors- to-be; being the sec- 
ond edition of a successful treatise. 
Without frills, it is a solid book of good 
hard work, with many practical prob- 
lems, and a lucid exposition of that 
work. (263 pages, 5 by 7 inches, 43 il- 
lustrations.) -—$2.10 postpaid. — A.G.I. 

AIBCBAFT MATHEMATICS 
By S. A. WaUIng and J. C. HUl 

N ot a textbook of mathematics but 
rather a selected presentation of 
those phases of the science which are 
essential to air cadets and others in- 
terested in the technical aspects of 
areonautics. Although British in origin, 
the “translation” of specialized terms 
into American phraseology should not 
be a deterrent to the use of this com- 
pact volume. (189 pages, 5% by 7% 
inches, a number of drawings.)— $1.85 
postpaid. — A.P P 

DBYIN6 ABD DEHYDBATIOH OF FOODS 
By Harry W. Von Looiocko 

T echnological treatise for the indus- 
try rather than for home users. 
Compilation of the latest practical in- 
formation dealing with this subject. 
Author is senior chemist, Bui'eau of 
Agriculture, Chemistry and Engineering, 
United States Department of Agricul- 
ture. (302 pages, 6 by 9 inches, 64 il- 
lustrations.) ~^4.35 postpaid. — J.P.C. 

SELL TODB PHOTOGBAPHS 
By Engoao WyUo 

T his manual for free-lance photogra- 
phers was written for those with an 
interest greater than that of a casual 
snapshooter. All rose-colored state- 
ments that breed wishful thinking have 


been left out. Chapters are devoted to 
equipment needed, how to prepare and 
use ideas, how to create a story-telling 
picture, how to finish prints, and where 
and what the markets will be. This is 
a book to guide those seriously inter- 
ested. (167 pages, 5% by 8 inches, unil- 
lustrated.) — $2.10 postpaid. — K.M.C 

SnPBOABD MEDICAL PBACTICE 
By W. L. Wketlar Jr., M.D. 

H andbook of ship sanitation and emer- 
gency medical aid at sea. As it is 
written expressly for common seamen 
and not for doctors, it is free from 
medical jargon. It covers such subjects 
as survival on uninhabited islands, care 
of disaster victims, radio messages re- 
questing medical advice, and ship sani- 
tation. Everything needed is put to- 
gether 5n this one thin little pocket- 
size book. (114 pages, 5 by 7^ inches, 
16 illustrations.) — $1.10 postpaid. — J.P.C. 

SCIEBCE, BELIGIOH, AHD THE FUTUBE 
By Charlas B. Bavsa, D.C. 

E ight lectures on: The new philosophy 
of seeing life whole; childhood of 
science; conflict of science with religion; 
ravages of war; new reformation; the 
intellectual, moral, and religious tasks. 
Antagonism of science and religion and 
what to do about it is the central sub- 
ject. (125 pages, 5 by 7Vz inches, un- 
illustrated. ) — $2.10 postpaid. — A.G.7. 

EHCTCLOPEDIA OF SOBSTITDTES 
AHD STHTHETICS 

By Msrris D. SchoraftM 

E ncyclopedic in scope, indeed, is this 
reference book which covers large- 
ly those products which have been de- 
veloped recently to replace critical ma- 
terials. The text discusses substitutes 
in all branches of industry and pharma- 
ceutics, including comprehensive ex- 
planations of plastics and other syn- 
thetics. Particularly aimed at industrial 
and laboratory chemists but of out- 
standing usefulness to anyone whose 
work deals with industrial materials. 
(382 pages, 6 by 9V2 inches, unillus- 
trated ) — $10 1 0 postpaid — A .P P 

UHDEB A LUCKY STAB 
By Boy Chapman Andrtws 

L ifetime of scientific adventure re- 
told by the famous leader of the 
Mongolian expeditions (dinosaur’s 
eggs) of the American Museum of 
Natural History. Few know the rest 
of this man^s life, which has been sat- 
urated with travel and adventure as 
most of us only wish we could live. 
(300 pages, 5V^ by 8V4 inches, unillus- 
trated.) — $3.10 postpaid. — A.G.J 

PBE SEBVICE COUBSE IH MACHIME SCIEHCE 
By Samnal H. LabowUi 

D ivided into 14 chapters, the text con- 
forms in content to the correspond- 
ing sections in the Course on Funda- 
mentals of Machines as established for 
pre-induction training. Physical and 
chemical principles are dealt with 
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prompt stops to protect your In- 
vention Delays are dangerous Oct new 
FREE book, '‘Protect, Finance end Sell 
Your Invention,” and “Invention Rec- 
ord” form Preliminary Information 
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simply yet forcefully and are specifi- 
cally related to practical applications in 
machine science. Altogether, this text 
is one which will provide a firm and 
solid foundation for further study. (440 
pages, 6 by 9 inches, 200 illustrati^. 
well indexed.)-— $2.60 postpaid 

SCHOOL or THC CITIZKH SmOB 

By Bslaadtr, lloteLtr* Cabrisl aai St€Oii4 
Bmy Board 

A bout the complex organization of tJie 
Navy, presented by the associate 
librarian at the U. S. Naval Academy, 
but chiefly on the economic, pblitical 
and historical background of World 
War n. The 190-page section on Ameri- 
can History and the Constitution, by 
Professor Gabriel, is an outstanding- 
ly objective presentation of those parts 
of our nation’s development best chosen 
to give the adult reader (for this is no 
schoolbook) a clear, full, deep compre-" 
hension of what and how much he ie 
fighting for. Suitable for men of the 
more serious, thoughtful type who are 
about to enter the Navy or are already 
in it. (615 pages, 5% by 8% inches, one 
map.) — $3.10 postpaid. — A.G./. 

SmPUnEB PHYSICS 

By SmU aad CUrkt 

pHYSics isn’t simple and can’t be ina^^ 
■ so, but this is a good effort in th^^ 
direction. It will be a help to those wfaj^ 
struggle alone with the more forms 
treatment of the conventional textbook 
It covers the older physics — ^not, how^ 
ever, trying to scale the heights oi 
atomic physics. There are short, modern 
chapters on the dial telephone, air- 
plane, radio altimeter, radio compass 
television, electron microscope, sound 
ranging, and color photography. (427 
pages, 5 by 7V4 inches, 163 illustrations 
■—$3.10 postpaid. — J.PC 

HOBTQrS STAB ATLAS AHD 
TELBSCePB HAHDBOOB 

By HtrtoB tad bills 

N ew edition (mnth) of a standard 
star atlas whose eighth edition wa; 
reviewed here November, 1942. Chiel 
changes: Main charts redrawn for epocl 
of 1950; some stars added, Q^ei> 

omitted; N.G.C. numbers now on most 
nebulae; 6th or 7th mag. variables en 
circled; new IA.U. galactic pole* 

adopted. This atlas is still the mail 
standby for amateurs past the cradle 
roll. (90 pages, 8% by 11 inches, 2( 
maps.) — $5.00 postpaid. — A.Gi. 

SCIEHCE rBON SHIPBOABB 
By A Crtay ti Sdtidific Writers 

S ERVICE men going overseas cra> 

answers to 1000 questions abc 

things en route. This pocket sized ba 
by well-known scientists, with chapb 
on: Waves, wind, and weather; su 
moon, and planets; time, calendar, a 
sundial; stars; navigation; ocean geof* 
ogy; sea life; oceanic bir^; ships; a 
seasickness, gives these answers. (2 
pages, by 7 inches, 138 illustratior 
cloth bound.) --$1.60 postpaid.— A. C 
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Telescoptics 

A Monthly Deportment lor the Amateur Telescope Maker 

Conducted by ALBERT G. INGALLS 

rditor of the Sclentiflc American books '‘Amateur Telescope Making’* 
and “Amateur Telescope Making — Advanced” 


H OW MANY finished mechanics are 
there in this nation of Yankees, be- 
sides those who make their living at it? 
Maybe the makers of lathes and ma- 
chine tools know. Who trains them? 
Many train themselves, or are ap- 
parently born trained. 

Figure 1 shows one of this legion, 
Henry Paul, 119 North Broad St., Nor- 
wich, N. Y., with a home-made tripod 
and mamly machmed mounting carry- 
ing a purchased telescope and camera. 
Figure 2 shows interesting details of 
the mounting. Paul is a chemical engi- 
neer, with a doctorate in nutrition 
from Cornell, and is director of a vita- 
min laboratory for a pharmical house. 
Shop work represents his relaxation, or 
escape. His cellar shop is well equipped, 
though not over-equipped, with ma- 
chine tools. There are thousands more 
of the same type of amateur mechanic 
in Yankeedom — more or less born tool- 
minded. 

The telescope is an old 3%" refractor 
by the forever famous Alvan Clarke. 
Paul states: “I have never seen a better 
objective. It is perfect. It gives per- 
fect diffraction pattern and spurious 
disks.” Paul has also made objective 
lenses. 

The stubby camera is a Zeiss and has 
a 2^" aperture Sonnar lens of T'' f.l. 
It covers a 14° field and cost $450, 
which is a lot of simoleons for an ama- 
teur astronomer. 

The tripod weighs 35 pounds and is 
solid brass. It just fits a car crosswise, 
and, at home, a 4" pipe in a ton of 
concrete on bed rock. 

Commenting on the mounting Paul 
writes: ‘It has a ball-bearing polar axis 
and main worm with friction slip- 
ring to hour circle. The second worm 
is jeweled. Reduction is 235: 1, plus 22* 1, 
to a regular 2-watt, 3.6 rpm Telechron 
house clock motor as sold by the 
thousands. This gives one revolution 
in 1436.11 minutes, which is plenty 
close to the sidereal day. If others wish 
to use this small motor, they should 
use a ball-bearing polar axis, install a 


15,000-ohm, 1-watt radio resistor in its 
housing to keep the motor warm, and 
mount it not closer than V from any 
large iron or steel object, as this upsets 
the synchronization. 

“The trailer hitch, ball-and-socket 
mounting for the camera is handy. I 
have found Eastman Spectrographic 
Plates No. 103aE, extremely fast, par- 
ticularly for dim objects of broad ex- 
panse, and very red-sensitive,” Paul 



Figure It Paul and two fortunes 


continues. “Used with a gelatin No. 12 
(minus blue) filter, moonlight fog and 
sky fog can almost be eliminated with 
only a 50 percent increase in exposure. 
For direct exposure on the Moon at 
focus I use 35mm Eastman miniature 
microfilm (good for 20X enlargement) 
and develop twice normal in D-76. 
This gives correct contrast. Exposure 
varies from 1/10 to 1/50 second at f/8, 
depending on phase of Moon. Eastman 
microfilm has a resolving power of 135 
lines per mm, against about 50 for most 
films, and the high contrast is perfect 
for lunar work. In a pinch, regular 


high-speed press plates could be sub*^ 
stituted for the spectographic plates.” 

Paul sends no data on Figure 2. The 
photographs practically explain them- 
selves and the detail is well worth close 
study. 

Paul submitted some beautiful stellar 
photographs enlarged to 6'' diameter 
from the 1" diameter originals, but no 
attempt is made to reproduce them 
here, for the same reason that has ex- 
cluded many others kindly sent to this 
department: The half-tone process de- 
grades them all to the same low level — 
the good ones, the indifferent ones, and 
the bad ones alike. The chances are, 
however, that a capable wangler could 
wangle photoprints from Paul, if he 
could exchange some similar work of 
his own for them. 

This worker was a member of Scien- 
tific American’s famous Amateur Roof 
Prism Gang. Too busy with his regu- 
lar vocation to go into actual produc- 
tion, he nevertheless proved up his 
ability to make a high-grade roof prism, 
and then made a limited number in 
order to be sure he could do it every 
time. These tested up very well by 
others. To ex roof-prism makers the 
easier mirror work is going to seem 
like duck soup after the war. They’ll 
be a kind of royalty of the hobby fra- 
ternity. 

E cclesiasticus is one of the apocrypha 
and in the first verse of the thir- 
teenth chapter it says: “He that touch- 
eth pitch shall be defiled.” (See 
“A.T.M.,” page 359). Quite obviously, 
the author or authors of Ecclesiasticus 
must have been trying to make a tele- 
scope. 

Here is a contribution by Dr. D. 
Everett Taylor, 191 Prospect St., Willi- 
mantic, Conn., who has touched pitch 
and been duly defiled, as have we all 
in our time, 

“Channeling a pitch lap is one of the 
headaches of telescoptics. CuUing shal- 
low channels in a revolving lap, using 
the point of a pen-knife, is simple. 
Reasonably simple also is molding the 
channels in a large lap with the aid 
of a rubber mat. On the other hand, 
rolling or melting in the channels on a 
pitch lap already formed to curve dis- 
torts the pitch surface. Cutting pitch 
with a knife or razor blade tedious. 

“The drill press furnishes a quick 
and highly satisfactory means of pro- 
ducing almost any desired type and size 
of channel. Point an old or broken twist 
drill with two pairs of surfaces at about 
45° from the drill’s axis, or point a 
large spike or rod with a similar, 
square, regular pyramid (spikes come 



Figure 2: Details el mounting. For rough, temporary ond-uut la first photograph substitute streamlined version In second 
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COMPLETE HIOH-fiRADE KITS 
OUR SPECIALTY 

Each kit has two glass discs 
(corract thicknass) tamperad 
pitch, 8 assorted abrasives 
including rouge (fewer may 
not give perfect optical sur- 
face), instructions, FREE 
ALUMINIZED DIAGON- 
AL, etc. 



MIRRORS, made to order. 


4" Kit 
6 ^ Kit 
8" Kit 
10" Klf 
12" Kit 


#2.99 

3.79 

6.90 

10.00 

19.00 


(Pyr«x, #4.00) 
(Pywx, 9.90) 
(Pyr«x. 8.00) 
(Pyrtx, 19.00) 
(Pyrex, 29 00) 


PRISMS 


l'/ 4 " mitabU for 6" or 8" mirrori 

ALUMINIZING 

A hardor and brightar aluminum coating ^at U 
uniform and producaa a lasting and auparior ra* 
Racting surface. Guaranteed not to peel or blister. 

$24HI 

r $8 JO 

lO** S0.00 

Mirrors for Cameras, Range Finderi 
and other optical instruments. 

Write for FREE ILLUSTRATED CATALOGUE 

THE PRECISION OPTICAL 

tM1 tMt ItSrd Strut 
Nmr Y«rk St, N. Y. 


CO. 


ACHROMATIC LINSES 


A limited number of achromatic lensea of the 
following sixes, suitable for RPTs collimators, 
telescopes, achromatic condensers, etc. are avail- 
able while they last. 

1— n/16* dlam 3— 3/18' diam aii' diam. 

ao' fl.-IS 00 ea 51^' fl -14.50 ea. A -$S 00 ea 

eVs' - 6 00 ’• 

lO'i' ” . 7.00 '• 
One pair simple lenses or 
av^** eA. Huygenlan eyepiece 
(Aeld lens diam.) 13 00 
ALUMINIZING AS USUAL 

LEROY M. B. eUUSINQ 


su" n.-fo w ea 
- 4 00 •' 
6 V 4 * ” - 4 00 •• 
BVj'' " - 4 00 •' 


pr. 


SS07 Lincoln Ave., CHUofo, III 


REFLECTIN6 TELESCOPE KITS 
O UR SPECIALT Y 

(Send for our NEW. ENLARGED, end ILLUS- 
TRATED cetelogue.) 

M. CHALFIN 

Q.F.O. Box 207, Now York, N. Y. 


TELESCOPE — — 
MAKERS 

Quality materials of the RIGHT kind. 

6 ' Kit;— Glass, abrasives, pitch, rouge, and 

instructions >15.00 

HOBBYGRAFS— INFORMATION— INSPECTION 
We offer you the beneAt of our a4 years 
of experience at this hobby. Send for free 
^oe Hat. 

John M. Pierce. U Htrvwd St.. Springfield. Vt. 



0 ^ ^ 

SCOP^ 



A Popular Illustrated 
Astronomical Monthly / 

For amateur astronomen — new stir 
charts, Gleanings for ulescope makoct, 
page for observere. end c^eetiel photoe* 

#2 a year, domeetict #2.90 fnenign 
Single copy, 20 cents. 

SAMPLE COPY ON EBQUEST 

SKY PUBUSHmO CORPORATIOH 

Haxwerd Observatory. Cambridge 31, Masi. 


already pointed that general shape but 
the angles are too steep). Run the tool 
thus nmde at 600 to 900 rpm. 

*^raw the lap, freehand, across the 
rotating tool thus made, until the de- 
sired width and depth are attained. An 
alternative, not quite so good, is a suc- 
cession of slightly overlapping holes 
made with the same tool. 

**The quarter-inch tool will thus pro- 
duce a wide variety of channels, both 
in depth and width. For wider ones, 
increase Its diameter.*’ 

L unarians will find much of perma- 
nent value in a 76-page booldet re- 
print of articles by Walter H. Haas, en- 
titled “Does Anything Ever Happen on 
the Moon,” originally published serially 
in The Journal of the Royal Aetronomi-- 
cal Society of Canada. It contains a list 
of lunar observers, data on observation- 
al procedure, drawings, discussion of 
each, on lunar colors, on lunar changes 
(the essential subject of the writings), 
and on the lunar atmosphere, also an 
extensive bibliography. David P. Bai'- 
croft, First National Bank Building, 
Madera. Calif., a member of the wide- 
spread observing group whose work is 
discussed, has a number of copies but 
only a limited number, which he there- 
fore will be forced to allot for sale only 
to those who can show genuine inter- 
est. Barcroft also is a member of the 
Telescope Makers of Central California, 
of which Harry R. Lytle, of Madera, 
is now secretary. 

T emplates for gaging the depth of con- 
cavity of a telescope mirror are de- 
scribed in “Amateur Telescope Making” 
by Porter on page 3, and by others on 
pages 310 and 344. While it is thought 
that a majority use the Ellison method 
of refiection from a wetted mirror, as 
described on page 78 of that book, some 
prefer the template, which is easier 
and simpler once it is made. 

Figure 3 shows how Warner Wil- 
liams. connected with the Culver Mili- 
tary Academy at Culver, Indiana, made 
his template. Abrasive paper was glued 
to the face of a motor-driven wooden 
disk, and the metal template strip was 
attached to the radius bar, pivoted at 
the left, far out of the picture. This bar 
then was worked back and forth as the 
motor ran. 

There came, one day, to your scribe’s 
ofiice a large express package contain- 
ing, when opened, the striking bas-re- 
lief. or plaque, made by Williams and 
shown in Figure. 4. This measures 
X 12W' X 16” and is made of cast 
plaster painted a delicate shade of 
green. William’s letterhead Indicates 
that he is a Chicago sculptor and de- 



Flqure 3t WnUenns* teaiplote )ob 



Figure 4i Pcmccnilt by WUUcnnt 


signer. He made the bas-relief from the 
picture of Foucault on page 511 of 
‘‘A.T.MA.*^ . ^ 

This copy, cast from a negati^ which 
he has, now hangs on your scribe’s of- 
fice wall beside the famous framed 
original focogram of Mary Everest’s 
mirror (reproduced in “Amateur Tele- 
scope Making — ^Advanced,” page 24) . 
Williams has also donated duplicate 
copies of the plaque to Russell W . 
Porter and to Stellafane. He states in 
his letter what probably few amateur 
telescope makers know, that Cassegrain 
was a sculptor. 

B roken tool needn’t mean a broken 
heart. Cyril G. Wates, Edmonton, 
Alberta, writes: “We are told in ‘A.T.M.’ 
what to do in case of a broken mirror, 
but not in the case of a broken tool. 
The latter is much more common be- 
cause it is standard practice to immerse 
the tool in warm water to soften the 
pitch, and because tools are generally 
plate glass which has a high coefiBicient 
of expansion, and are therefore more 
likely to crack than Pyrex blanks. 

“My friend, H. W. Parnall, of Foot- 
hills, Alberta, recently had the mis- 
fortune to fall down the cellar stairs 
while carrying a 10” plate-glass tool. 
(Parenthetically, Mr. Parnall has a pet 
dog which weighs more than he does. 
When Fido gets hungry, his master goes 
out and shoots a moose. After satisfying 
doggie’s appetite, Parnall sends me 
what’s left of the moose. In return, 
I give him bad advice on the subject 
of telescope making.) 

“To return to our muttons, Parnall 
wrote and told me about his accident, 
adding that he had mended the broken 
tool and finished the mirror on it. In 
reply to a sli^tly sceptical question, 
he said laconically: *1 wound stovepipe 
wire around it* 

“Now it happened that I too had 
cracked a plate glass tool, via the hot- 
water route. Ta)^ d leaf from Par- 
nail’s book, I made a band of steel out 
of an old clock spring, with a screw for 
tightening. Having carefully cleaned the 
broken surfaces of the glass, I coated 
diem with china cement brought them 
into contact put the steel band in place, 
tightened it Rnd have been using the 
tool ever ditioe.’* 
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The Rubber 
Plant 

with roots 
two miles deep I 


T bb making of synthetic rubber in- 
volves among other things the exact 
control of gas mixtures of great com- 
plexity. Formerly the analysis of some 
gases required several days of painstak- 
ing laboratory work, and in some cases a 
complete analysis was impossible. 

Westinghouse scientists— working in 
close collaboration with engineers of lead- 
ing oil and chemical companies— have 
perfected an electronic “chemist’* which 
is an important addition to the present 
methods of analysis. 

With the improved technique and ap- 
paratus now available, the time required 
for accurately making some of these 
analyses has been reduced to an hour 
or less! 

in amazing electronic device • • « 
Known a$ the mass spectrometer 
« • • not only improves the accuracy 
of the synthetic rubber process^ 
but frees hundreds of skilled 
chemists from tedious but impipr^ 
tant production testing in these 
vital plants. 

The mass spectrometer analyzes gases 
by sorting the molecules— according to 
their mass— in (roughly) the same way 
that a cream separator sorts out the 
cream from whole milk. 

Let’s say we want to analyze a simple 
gas mixture containing one part of oxy- 
gen and 10,000 parts of nitrogen. Here’s 
how the mass spectrometer accomplishes 
^his incredible feat: 

First, the gas sample is bombarded 


with electrons. This ionizes the nitrogen 
and oxygen molecules, giving them elec- 
trical charges of their own. 

These ions are then drawn by elec- 
trical force into a curved vacuum tube. 
Here, ions of different molecular weights 
whizz around different curved pa(/w— de- 
pending upon their reaction to a power- 
ful electromagnet surrounding the tube. 

The heavier oxygen ions follow a 
straighter path tlian the lighter nitrogen 
ions and are directed through a tiny exit 
slit onto a plate where they give up their 
electrical charge. The amount of this 
charge, amplified and recorded by sen- 
sitive electrical instruments, is an ex- 
tremely accurate measure of the quantity 


of oxygen in the gas mixture. 

The starting voltage is then changed 
to allow' the nitrogen ions to pass through 
the same exit slit— thus measuring the 
quantity of nitrogen. This same principle 
applies to the analysis of complex hydro- 
carbon mixtures. 

The development of the mass 
spectrometer . . . for the quicks 
accurate analysis of butadiene... 
is a typical example of the way 
Westinghouse **know how** in elec^ 
ironies is tackling the wartime 
problems of industry in an effort 
to speed victory. 

Westinghouse Electric & Manufacturing 
Company, Pittsburgh, Pennsylvania. 


Westinghouse 
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Exploring a New Universe 


HKOUGH those small round win- 
dows — observation ports of an RCA 
Electro 1 Microscope — fids bacterioIoc;ist 
is 8tud>ing influenza virus — niagnilicd 
25,000 times! 

For years medical rescan h men have 
had to fight the devastation of influenza 
‘*blind folded” — for the simple n v n 
that flu gern^s are invisible eve^ under 
the most po\^crful light microM opc. But 
why invisible? Why couldn’t this virus 
be st'Cii? The answer is — even the short- 
et^t V'avcs of visible light are far too 
long to permit seeing anything so small. 
Nothing so infinitesimal ever was seen— 
nr could he seen — prior U> invention of 
the Electron Microscope. 

But man needs to see these smaller 
things — among which are long-hidden 
causes of many diseases destructive to 


human beings animals and plants, Man 
needs to be able to peer down, down, 
down into mole ular structures — in order 
to leain what makes rubber behave like 
rubber, leather like leather, wool like 
wool, lubrieaimg oil like lubricating oil, 
or metal like n etal. For under the whip- 
ki'-h of war it i*- imperative to learn now, 
not l ^iU' irow, why one kind of rubber, 
leather, fiber, oil or metal is more elas- 
tic, tougher, stron{.,cr, more useful than 
another. 

Every hranr} of science and indiis-' 
try can benefit tnrough proper use of this 
extraordinary nicroscope — which util- 
ires electrons in tend of light for illumi- 
nation. The RCA Electro . ^Jicro^(‘ope is 
only one of manv RCA applications of 
electronics— the a t of harnessing elec- 
trons to the c of man. Every elec- 


device of every kind depends 
basi>Jv'Uy on electron tubes. And RCA is 
the fo" ttain-head of modern electron 
lube deOopment, 

In addition to our armed forces, the 
list of industrial firms and scientific in- 
stitutioni^ now using RCA Electron 
Microscopes- reads liWe a Blue Book of 
American Industry and Science. In- 
quiries regarding this instrument will 
be welcomed from research men con- 
nected with similar organizations, and 
will be promptly answered. Address 
Department 131-765, RCA \ictor Divi- 
sion. Radio Corporation of America, 
Camden, N. J. 

TUNf IN “WHArS NEW?’’ 

RCA" s great new show^ Saturday nights, 
7 ta 8, E. W, T., Blue Nctwoi k. 




A Ntw bookht—’AlcA f.i ilchonils In Inolu sugfitst 

fteitronic appthtit$^tns impotfant to your business. Free on 
request. Please use butinett letterhead uhen writing. Address— 
Dept, 68-2N RCA Viiior Dniston, Radio Corporation of Amer- 
ieOf Camden, Neu Jersey, 
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